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THE BASIS OF MODERN INDUSTRY 


M. A. Pertsev 


GCSPLAN, USSR 


pp. 1-3, October, 1961 


The provisions of the CPSU's program 


pipe, ore, and coke. 


Production (millions of tons) 


(Toward Attaining the Production of 250 Million Tons of Steel) 


Translated from Metallurg, No. 10, October, 1961 


resulting from the general discussion and corroboration of its XXII 
congress provide a carefully worked-out, economically sound plan for the building of communism in our country. 
The formation of a material-technical basis for communism demands the further development of heavy industry 
which has been and will continue to be the leading branch of the national economy. 


The XXI congress of the CPSU approved the development quotas for the national economy of the USSR for the 
years 1959-1965, which foresee an appreciable increase in the production of ferrous metals, an immense program of 
major construction, increase in the technical standards of this branch of the economy, a broadening of the grades 

available, higher quality production, and improvement of the technical-economical indices of operation. 


It is evident from the data available that the production of iron ore and also the pipe industry have set the 
leading pace in the rapid yearly growth in production, as was foreseen by the seven-year plan. 


owth inj 
Years 
Items Sa 
> 
2 | sles) ® 
Iron 39 .6)43.0} 46.8) 8.9 
Steel 549/60 .0) 65.3) 71.3)16.4/129.9) 9.1 
Rolled stock 43.1|47.0| 50.9] 8.7 
Steel pipe 4.6] 5.2) 5.8) 6.4] 1.8]139,1] 11.6 
Iron ore 88 .8)94 .4)106 .5)118 10.0 


Kursk magnetic anomaly are being tapped. 


In 20 years ferrous metallurgy in the USSR will have reached a level permitting the production of approximate- 
ly 250 million tons of steel per year. There will be a corresponding increase in the production of iron, rolled stock, 


With respect to the quotas of the seven-year plan 

for tiie production of the most important products, the 
assignments for the two years (1959 and 1960) have been 
accomplished and exceeded throughout the USSR: produc- 
tion has exceeded the plan by 813 thousand tons of iron, 
5.1 million tons of steel, 4 million tons of rolled stock, 
344 thousand tons of steel pipe, and about 6 millicoa tons 
of iron ore. 


Preliminary estimates for the three years (1959-1961) 
show that appreciably more iron, steel, rolled stock, and 
other types of products will be produced than designated 
for this period by the seven-year plan. 


Soviet metallurgists, by their self-abnegating labor, ensure effective development of ferrous metallurgy. This 
is convincingly witnessed by the results of the elapsed years of the seven-year plan (see table). 


The Soviet Union ranks first in Europe and second in the world in the production of ferrous metals, and it has 
overtaken the USA and leads the world in the production of iron ore, agglomerate, and coke, 


The high indices of production of ferrous metals were attained on the basis of a continuous rise in the technical 
level of production, due principally to the enlargement, reconstruction, and modernization of existing plants and 
installations. The introduction of new output capacities and major construction have substantially grown in this branch 
of the economy. In two years (1959 and 1960) 7 large-capacity blast-furnaces, 28 steel plants, 13 rolling mills, plants 
and units for the production of steel pipe, 10 sets of coke ovens, and many iron-ore installations have been put into 
operation, The party directive on the creation of a third metallurgical base in the eastern part of the country is be- 
ing carried out. In the central regions of the European part of the USSR the enormous resources of iron ore of the 
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In spite of the wide achievements in the major construction of ferrous metallurgical installations, the volume 
of investments and the activation of the new production capacities required have not been met everywhere. This is 
a result of the unpreparedness of construction organizations, the untimely installation of equipment by machine 
construction enterprises, and the lag in the work planned, It is necessary to concentrate attention on major construc- 
tion in all sections of the metallurgical industry and to help the builders eliminate the lag for which they are responsi- 
ble. 


There has been an appreciable rise of the technical level of ferrous metallurgy concurrent with the growth in 
production capacity. The technical level of our blast-furnace, open-hearth, and coke production is higher than in 
the highly developed capitalist countries, including the USA. These achievements are due to the rapid development 
of soviet metallurgical science, the constant perfection and intensification of technological processes, improvement 
of the preparation and quality of metallurgical raw materials, further increase in the capacity and power of the plants, 
improvement in their construction, and the mechanization and automation of production. 


Much work has been done on the ore raw-materials basis of ferrous metallurgy. Powerful mining concerns are 
being built and are partly operational in the Kustanai, Belgorod, and Kursk districts which will become the main 
suppliers of ore raw materials for the metallurgical plants of Central Asia, the Sourthern Urals, and Kazakhstan, 
Large mining concerns are being developed in the Ukraine, the Northern Urals, and Siberia. The Sokolov-Sarbaisk 
combine in Kazakhstan, the Lebedin and Mikhailov mines of the KMA, and the Krivorog benefication combine, 
which uses the latest techniques, especially deserve mention. 


The output of agglomerate has been significantly increased. Its production in 1958 amounted to 50.8 million 
tons, and in 1960 it totaled 65,1 million tons of which 98.4% was fluxed. The basicity of the agglomerate was also 
increased, Agglomerate comprised an average of 73% of the burden of blast-furnaces in 1960 and 79.2% when cast 
iron for steel manufacture was being smelted (as compared to 74,6% in 1958), In 1960 agglomerate comprised 100% 
of the ore component of the burden when smelting iron for steel manufacture at the Cherepovets plant, 97.9% at the 
plant "Zaporozhstal' ", 95,5%in the MMC, and 95%intheNTMC, Ferrous metallurgy in the USSR has overtaken all 
major capitalistic countries in the specific weight of agglomerate used in the blast-furnace burden, 


Together with the improvement in preparation of the raw materials in blast-furnace production, the technology 
of smelting has been improved and intensified, new techniques have been introduced, and improvements have been 
made on the design of the blast-furnace itself. The number of blast- furnaces operating with increased top pressure 
rose from 69 in 1958 to 79 in 1960. The iron smelted in these furnaces amounted to 84,3% of the country's total 
production, 


In 1960 natural gas was used in 46 blast-furnaces (13 in 1958), and the iron smelted using natural gas rose from 
13% in 1958 to 41.3% in 1960, 


Labor productivity of a single worker in the blast-furnace plants increased by 11.6% during this period and 
reached 2791 tons of iron per year in 1960, 


In 1960 iron was smelted principally at large-capacity establishments employing large blast-furnaces. Eighty= 
six percent of total output was smelted at 15 plants whose yearly production exceeded one million tons. More than 
90% of the iron was obtained from blast-furnaces which are equipped for automatic loading of the burden. 


Together with the adopticn of large-capacity open-hearth furnaces for steel production, measures have been 
taken to extend the output of electric steel and steel produced in converters using oxygen, to further intensify pro- 
duction by the use of oxygen, to improve the design of the foundries and the technology and organization of produc- 
tion, and to use gas of high calorific power as fuel. 


In the two years under consideration the production of electric steel was increased by 30%, oxygen-converter 
steel 2.1 times, open-hearth steel by 15.8%, and bessemer steel by 11.5%, Of the total steel production in 1960, the 
specific weight of open-hearth steel comprised 84,4%, electric steel 8.990, oxygen-converter steel 3.8%, and Bessemer 
steel 2.9%, Steel production with the use of oxygen increased from 27.3 to 31.9% of total production, 


New methods of producing steel have been worked out and put into operation which ensure high quality metal, 
namely: the use of vacuum techniques, remelting under electric slags, and refining of the metal with fluid slag in 
the ladle. 
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The basic technical-economical indices of operation for ferrous metallurgy have been significantly improved. 
In a speech opening the All-Union Industrial Exposition, May 31, 1958, Com. Khrushchev gave ‘metallurgists the 
following assignment: attain a coefficient of utilization of blast-furnace volume of 0.74 and an output of steel per 
square meter of floor of the open-hearth furnace of 8 tons. Our steel founders and blast-furnace operators have al- 
ready fulfilled this important assignment. The coefficient of utilization of effective furnace volume during the first 
half of the current year throughout the USSR was 0.738, and the output of steel per 1 m? of floor of the open-hearth 
furnace for all metallurgical establishments reached 8,34 tons per day. 


During the first half of 1961 the Magnitogorsk metallurgists attained a coefficient of utilization of effective 
blast-furnace volume of 0,595 and a coke consumption of 615 kg per ton of pig iron. These are not, however, the 
best coefficients. The Cherepovets metallurgists had a coefficient of 0.539 and coke consumption of 562 kg. 


In the rolling industry during 1959 and 1960, 13 new, modern mills have been put into operation; these include 
a blooming and a slab mill, a continuous-rolling mill, 5 sheet mills, and 5 jobbing and drawing mills. 


At the "Zaporozhstal* " plant a unit for cold-formcd section iron consisting of two continuous mills has been 
put into operation, 


During the period under consideration —_ serious lags have persisted in the assortment of rolled stock. There 
has been an appreciable increase in the output of the most marketable rolled products: light-section steel, rolled 
wire, construction and stainless steels, stainless sheet, dynamo steel, transformer steel, cold-rolled construction steel, 
low-alloy steel, formed sections, and other types of rolled products. The number of rolled sections produced has also 
been increased by 80 items, The output of light-weight girders and channels accounted for 64,3% of the total in 1960 
However, it must be mentioned that new types of rolled sections are not being included fast enough. 


This period has also included the beginning of production of double-layer, thick-sheet steel, the melting of 
metal in an unoxidizing medium, heat treatment of railroad rails over their intire length, the production of cold - 
rolled transformer steel from slabs poured on a continuous-casting unit, and other innovations; a computor has been 
used to estimate the most economical lengths in which to cut the metal after rolling on the continuous-rolling mill, 
and a device for fire-cleaning the metal while in motion has been installed. 


The USSR ranks first in the world in the degree of utilization of rolling equipment. 


The production of steel pipe has developed at a faster rate than has that of steel and rolled stock. This has 
been achieved by the creation of new plants, extending the existing enterprises, and the modernization and improve- 
ment of the operation of.active mills, Creation of new plants and improvement of the operation of the active mills 
have accounted for 70 and 30% of the total increase in the production of steel pipe respectively since the beginning 
of the seven-year plan. 


In the pipe industry there have also been changes in the manner of production and in the grades of the pipes 
produced: the specific weight of production of welded pipe rose from 40.8% in 1958 to 47.1% in 1960, while the 
specific weight of seamless pipe dropped from 59.2 to 52.9%, 


During the elapsed period production has been extended to include pipes of new types of steel and alloys which 
include high-alloy, heat-resistant ones, and pipes having new profiles and dimensions, variable cross section, especial 
ly thin walls with an electrically polished surface, and more precise geometrical dimensions. There has been the 
adoption of centrifugal casting of pipes and pipe billets from carbon, alloy, and high-alloy unbroachable steels and 
alloys, and seamless pipes are being produced by drawing on mechanical presses. 


The quality of pipes has been improved by technological advances and the use of heat treatment and various 
types of plastic and enamel platings. A great deal of work has been done on the mechanization of both the single 
units and combined plants of rolling and drawing mills. 


The growth in technical equipment, the systematic improvement of the techniques and technology of produc- 
tion, and improved organization of production have permitted a rise in labor productivity in ferrous metallurgy of 
12h from 1958 to 1960, 


The successful development of ferrous metallurgy has promoted a systematic reduction in production costs and 
increased earning capacity. Expenditures for 1 ruble of commercial products and the level of earning capacity in 
ferrous metallurgy during the period under consideration amounted to: 
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1958 1959 1960 


Expenditures per ruble of 
commercial products, kop. 93.7 92.4 90.5 
Level of earning capacity, % 6.7 8.3 10.7 


However, there are still shortcomings in ferrous metallurgical operations which impede fuller utilization of 
available reserves to attain a still higher rate of growth in the production of ferrous metals, increase in labor produc- 
tivity, quality improvements, reduction of production costs, and increased earning capacity. 


In blast-furnace production it is essential to convert all the blast-furnaces of the South, Urals, and Central Asia 
to natural gas with fortification of the air-heating facilities to provide a blast preheated to 1000° and higher and also 
to concurrently feed 30-35% oxygen into the mixture with natural gas in those blast-furnaces with highest capacity; 
to convert all large furnaces as soon as possible to operation with top pressure of 1.5 atm and higher by changing to 
more powerful blowing facilities; to alter the concentrating scheme in those beneficiation combines being construc - 
ted and to use highly productive equipment in order to obtain concentrate with an iron content of 65-66% ; to increase 
the volume of fluxed agglomerate produced to an extent allowing further increase of its fraction of the burden in the 
blast-furnace; to organize commercial production of fluxed pellets from fine-grained iron concentrates; to create a 
reserve of iron ores at metallurgical plants in order to ensure constant composition of the burden and smooth opera- 


tion of the blast-furnaces; to improve the quality of the coke by beneficiating the coal by the heavy-medium method 
of concentration. 


In steel production it is essential to extend the use in heating open-hearth furnaces of cold, high-calorie gas 
which increases their productivity by 10%, to increase production of open-hearth steel utilizing oxygen and to inten- 
sify construction of oxygen plants particularly at the largest metallurgical plants; to increase the production of steel 
in oxygen converters which will allow faster growth of steel production capacity; to provide the steel industry with 
higher quality iron containing not more than 0.035% sulfur and 0.4% silicon and also agglomerate and iron-ore pel- 
lets containing 65-67% iron and 6-8% silica; to improve preparation of scrap metal by fagoting and briquetting of 
lightweight scrap and to organize the mass production of powerful fagoting (up to 1,500 tons) and cutting presses; to 
appreciably extend the use of vacuum techniques and electric remelting in steel production which provide the high 
quality metal necessary for the construction of appliances, and especially of sensitive equipment. 


In the rolling industry it is essential to increase the weight of ingots and billets and to accelerate the rolling 
by reconstruction and modernization of the rolling mills and strengthening the heating media; to increase the dur- 
ability of rolled stock by wider use of heat treatment, for which purpose units for heat-treating section and sheet 
stock should be constructed which will allow a reduction of metal consumption in machine manufacture and in con- 
struction by not less than 25%; to increase production of section and sheet stock from low-alloy steels, which will al- 
low a saving of up to 30% when they are used in machine manufacture and in construction; to extend the volume of 
production of economically shaped instead of hot-rolled sections, for which prupose the activation of the correspond- 
ing mills designated by the seven-year plan should be accelerated. 


Further improvement of the quality of steel is not possible without the development in the production of heat- 


resistant and ferroalloys; therefore, improvement of these branches of ferrous metallurgy should be given special at- 
tention, 


The solution of the metallurgists" problems will serve as fulfillment of that gigantic assignment: to create the 
foundation of a material-technical basis for communism which was alloted to the metallurgists by the provisions of 
the CPSU's program, 
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The Blast-Furnace Industry 


ESTIMATION AND CORRECTION OF THE BURDEN DURING 
THE PROCESS OF BLAST-FURNACE SMELTING 


A. V. Zagreba, Chief of the blast-furnace works, N. F. Slin'ko, 
Assistant chief of the blast-furnace works, andG. I. Fedorenko, Foreman 


Krivorog Metallurgical Plant 
Translated from Metallurg, No. 10, pp. 4-7, October, 1961 


First class heavy industry has been created in the Soviet Union and is the basis of the technical pro- 
gress and economical might of the country. In the future the CPSU will continue to concern itself 
with the growth of heavy industry which ensures the development of productive strength and defense 
capability of the country. (From provisions of the Program of the Communist Party of the Soviet 
Union). 

The method of estimation and correction of the blast-furnace burden proposed by the workers 
of the Krivorog Metallurgical Plant is sufficiently simple and convenient to be useful. The editors 
of the periodical “Metallurg” believe that this mraterial will be of use to master blast-furnace workers. 


Accelerated blast-furnace smelting depends in large part of maintaining the designated optimum slag regime. 
In practice, the technologist meets with certain difficulties which occasion fluctuations in the chemical composition 
and quality of the raw materials and coke. The technologist’s work must be especially precise when frequent burden 
changes are made. 


Attributing major importance to the stability of the slag regime, the blast-furnace foreman at our plant period- 
ically or in case of necessity estimates the burden (by a simplified method) in order to check the quantity of lime- 
stone supplied in the charge. This estimate is not supposed to be anoptimum analysis of the lack of MgO, Al,O3, and 
MnO in the slag. 


The simplified estimation of the burden for one charging of a 1386-m® blast-furnace is given below (a chemi- 
cal analysis of the raw materials is given in Table 1). 


Estimation of the burden 
1, Ore in the charge: 17.5 tons. 
2. Estimate of the quantity of slag-forming constituents of all materials except the flux (Table 2), 


TABLE 1, Chemical Analysis of Raw Materials, % 


Material -SiO, 


Iron ore 23.4 


Fluxed agglomerate (ours) 5! 54, 15.1 
YuGOK agglomerate 3. 14.7 
Manganese ore 27.8 
Limestone 1.3 


Dolomitic limestone 0.7 


Coke A= 10%; SiO.,=40%; W= 3% 


3. Losses: 17,500-16,505 = 995 kg-(by comparison with actual load). 
4. Yield of iron from the charge: 7500: 0,935= 8030 kg (6.5% of which is C, Si, Mn, and S) . 


4 gni- 
| CaO | MgoO | tion | H,O 
1.3 | 0,17 | 1.76 | 3.37 
6.6| 1.58 | 12.5 | 19.9 
1.5 | 53.1] 0.76 | 42.2] — 
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content of the burden: 


ings per shift. 


mum slag regime. 


burden. 


TABLE 2 


c) SiO, content of the burden 


5. SiO, used for Si in the iron: 


where 0.6 is percent of Si in the iron, 
6. SiO, remaining to be slagged: 2835-100 = 2735 kg. 


7. With a slag basicity of CaO; SiO,= 1,17 it is necessary to charge CaO in the quantity 2735: 1.17=3200 kg. 
8. CaO to be obtained from limestone: 3200-2068 = 1132 kg. 


9, Percentage of CaO in the limestone if, for example, ordinary limestone is used in the fourth load: 
53,1°1+ 42.2-3 


150 
a) Fe content of the burden: 


0 


16505 


60 0.6 
8030 - 28 é 100 


= 100 kg 


4 


b) CaO content of burden: ae, 100 = 12.5%; 


100 = 45.9%; 
068 
2835 
100 = 17.2%. 


= 45%, 


10, Limestone required in the load: 1132: 0,45= 2550 kg; we use 2500 kg. 
11. Yield of slag from the charge: 3200: 0.47=6800 kg, where the CaO content of the slag is 47%, 
12, Yield of slag per ton of iron: 6800 : 8030 = 850 kg (comparing with actual yield). 
13. In order to have some approximation, the furnace foreman may compute the average Fe, CaO, and SiO, 


14, In order to fulfill the plan of smelting 1850 tons of iron per day, it is necessary to make 


1 


The foreman can constantly control the slag regime by making a simplified estimate of the burden using a rule 
according to the method described above, and in case of a change he can approximately check the burden. 


Burden changes are often made at our plant without resorting to estimation of the burden by the method describ- 
ed above. For this purpose are used tables which show the quantitative relationship between the iron-containing 
components of the burden and the flux, assuming a normal chemical composition of the raw materials and an opti- 


Sometimes it is necessary to resort to a corrected estimate of the SiO, and CaO deducted and added to the 


Such an estimate is most often made when the chemical analysis deviates from that prescribed or when certain 
fractions of the raw materials are changed. We give an example with whole numerical values as an illustration, 


Suppose that because of a shortage of our own agglomerate it is necessary to replace 5 tons of it by 5 tons of 
YuGOK agglomerate (chemical analyses are taken from Table 1). 


850 
3030 cae 78 load- 


° Chemical composition 
a 
€ ° % kg % kg % kg 


Agglomerate fluxed (ours) 
YuGOK agglomerate 

Iron ore 

Manganese ore 

Coke 


10000 
5000 
1750 

750 
5200 


9500 

4750 
3 1580 

20 675 
3 


1560 


oo 
| 5 9500 15.1 | 14385 | 16.4 | HB | 45.4 | 4320 
4750 14.7 | 698 | 10.7 508 | 51.1 | 2420 
10 1520 23.4 256 — — 50.0 760 
| 10 525 27.8 146 
| | | 16505 | | | | | 700 
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Estimation of the limestone required to flux 5000 kg: 


Our agglomerate YuGOK agglomerate 

1, With slag basicity of 1.17, 
the limestone required to flux 5000-15.1-1,17 _ 1960 5000+ 14.7- 1.17 _ 1960 
the SiO, of the agglomerate, 45 45 
kg 

2, The agglomerate carries CaO 5000- 16,4 _ 1820 5000+ 10,7 _ 
(calculated as limestone), kg 45 45 

3, Limestone required to flux 
500 kg of agglomerate with  1960-1820= 140 1910-1190 = 720 
the given chemical analyses, 
k 

4. a: in replacing 500 kg of our agglomerate with YuGOK agglomerate it is necessary to add 
7120-140 = 600 kg of limestone to the burden (in addition, heat from coke must be corrected). 


1190 


As is evident from the example, we do not consider losses in such an estimate, Here, however, losses are neglec- 
ted twice, and therefore the error in the burden change is reduced, It is somewhat more complicated when burden 
changes are made in raw materials which differ appreciably from one another in the amount of losses or in moisture 
content: i.e. agglomerate-ore, agglomerate-slag, and etc. In this case it is simply necessary to calculate  differ- 
ences in losses and moisture contents. 


When there is a change in the basicity of the agglomerate (CaO: SiO.) greater than + 0.05 from that designa- 
ted, the limestone input is always corrected if the particular agglomerate comprises more than 40% of the charge, 
We illustrate this by the following example. 


The total ore in the charge is 17.5 tons. In the charge are to be used 7,000 kg of fluxed agglomerate with 
basicity CaO : SiO, = 1,10. Designated basicity of the slag is 1,17. 


CaO content in the agglomerate has increased by 0,5%, and the SiO, content has decreased by 0.7%, Therefore, 
to preserve the basicity of the slag it is necessary to remove limestone from the charge in amounts: 
7,000- 0.5 
45 8 kg 


7,000 - 0.7. 1.17 
b) to compensate the decrease in silica = 127 kg. 


45 


a) to compensate the increase in lime 


This makes a total of approximately 200 kg. 


When the basicity of the slag sharply increases, in addition to the usual procedure,the removal of 100-200 kg 
of limestone from the charge, we charge a sequence of loads without limestone (1 to 3 loads) if the revolving distri- 
butor is working from 6 stations. This allows a reduction in the total balance of lime in the hearth (that adhering to 
the hearth walls, etc.) and prevents impairment of hearth operation. We sometimes charge limestone if the basicity 
of the agglomerate increases above + 0,05 in individual batches and the chemical analyses are not received on time. 
It is to be pointed out that charging without limestone is also favorably expressed in the uniformity of the final blast- 
furnace slags. 
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TUYERE NOZZLES WITH FIRECLAY LININGS 


A, G. Kuzub, Assistant Chief Engineer, A. M. Bosiek, Engineer 
of the Technical Department 


Stalin Metallurgical Plant 
Translated from Metallurg No. 10, October, 1961 


The Party considers the most important ideological work at the present stage to be the training of all 
workers in the spirit of lofty ideals and devotion to communism, the communistic relation to labor 
and social economy, fully overcoming the surviving bourgeois outlooks and morals, a thorough, har- 
monic development of the personality, and creating a genuine wealth of spiritual culture. (From the 
provisions of the Program of the Communist Party of the Soviet Union). 


In the blast-furnace works of our plant in 1960 the temperature of the blast was raised by 134° in comparison 
to 1959, and in particular furnaces it was increased to 1000°. However, increase in the temperature of the blast even 
above 980° is accompanied by major difficulties due to insufficient durability of the nozzles employed, which are 
shielded by the alloy steel 1Kh18H9T. During 1960, 229 shielded nozzles on our furnaces were replaced (vs 91 in 
1959), mainly because of burning or deformation of the ball flange. 


Especially low nozzle durability is noted on those blast-furnaces operating with increased top pressure. 


Following a suggestion of the authors and the engineers P. M. Olekso, N. A. Plyusenko, and V. G. Odintsov, 
nozzles of new design (Fig. 1) have successfully been employed since November 1960, The nozzle casing is cast from 
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Fig. 1. The new design of the nozzle. 1) Housing; 2) fireclay 
rings; 3) clearance, filled with fireclay mortar; 4) ball-flange 
cap. 


ZhChSSh5.5-0.1 heat-resistant iron, alloyed with magnesium (GOST 7769-55); such iron retains its strength at tem- 
peratures up to 1000°, The nozzle is internally lined throughout its entire length with fireclay rings. The clearance 
between the lining and the walls is filled with fireclay mortar. The rings are introduced into the nozzle housing from 
the ball-flange end, After installing the last ring a cap is fastened to the ball flange to hold the fireclay rings in the 
proper position. Such reinforcement is necessary to preserve the lining when the nozzle is transported, and also when 
it is being installed, since installation is achieved by tapping the nozzle with the elbow of the tuyere assembly. 


The last ring is ground to forma socket to provide for the possibility of achieving a protective lining throughout 
the entire length of the nozzle, including the ball flange. In conjunction with this, the design of the flange on the 
movable elbow, which is made from heat-resistant iron, is correspondingly modified. 


The plant has also started to use lined nozzles of welded construction (Fig. 2), which are made from seamless, 
steel, hot-rolled pipe with a diameter of 273 mm and wall thickness of 7 mm (GOST 8731-58), The tip and the ball 
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flange are made from St. 3 steel. The welding is done with E-42A rods, and the rings are mounted in a fireclay- 
cement mixture. 


The advantages of the lined nozzles lie in their high dur- 
ability when operating the blast-furnace with a highly preheated 
; blast and in their simplicity of design. Moreover, the scarce 
SSS Sy 1Kh18N9T steel is not consumed, being replaced by cheap fire- 
LL -— clay material which has the required heat resistance and low 
thermal conductivity. 


The cost of a single nozzle has been reduced from 76.0 to 
42 rubles and 44 kopecks. 


Lined nozzles with housings of heat-resistant iron have 
been used in the blast-furnaces since November 1960. With a 
blast temperature of 1000-1020° the temperature of the outer sur- 
face of the nozzle does not exceed 275°, There have been cases 
of the nozzles being flooded with slag. In these instances the slag 
has been cleaned from the walls without injuring the lining. 


Fig. 2. Lined nozzle of welded construction. 1) 
Housing; 2) tip; 3) ball flange; 4) clearance, 
filled with fireclay-cement mixture; 5) fireclay 
rings. 


Another reason why the new nozzle design deserves atten- 
tion is that, in addition to an appreciable reduction in heat losses 
through the walls, it appears possible to increase the temperature 
of the blast above 1100° without reducing the durability of the 
nozzles. 


PERFORMANCE TEST OF A SINGLE-ROLL CRUSHER 
OF NEW DESIGN 


L. M. Rudakov, I. I. Gorstein, and L. M. Freidin 


Alchev Metallurgical Plant and Alchev Pyrometallurgical Institute 
Translated from Metallurg, No. 10, pp. 9-10, October, 1961 


In February 1961 at the agglomerate mill of the Alchev Metallurgical Institute sintering machines were put 
into operation which use single-roll agglomerate crushers of new design, type DO-1300 x 2700, and stationary-grate 
screens for sifting the recovery rather than self-reciprocating screens as on the other machines. 


The crusher has a rotor with 36 teeth (4 rows of 9). The rotor is connected to a motor with a constant number 


of revolutions (5 rpm). It is planned to install a motor with variable rpm in order to regulate the speed of the rotor 
within the limits 3.5-7 rpm. 


A special characteristic of the crusher is the presence of a screen beneath the rotor, between whose grates pass 
the teeth; the distance between grates is 220 mm. 


The screen permits a more homogeneous agglomerate to be obtained with a coarseness up to 150 mm (and hav- 
ing single chunks 200-250 mm in size), Crushing the agglomerate on the screen breaks up the less strongly sintered 
portions of the cake and permits commercial agglomerate with high physical strength to be obtained. 


The stationary-grate screen mounted after the agglomerate crusher is made from inset steel bars of square 
cross section 15 mm thick. With the clearance between the grates at 16 mm, the effective screening surface amounts 


to 55%, It is set up at an angle of 36°. After the fines are screened out, the agglomerate is fed to the annular cooler 
by means of an apron conveyor. 
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TABLE 1. Distribution of Grain Size in the Agglomerate The wear of the replaceable teeth during a month 


i Content (%) of the fraction,| and a half of operation of the crushers was 10 mm of 
Sintering mm Thickness height; one of the crushers lost 4 teeth during this same 
machines 0—5 5—12 +12 dg ig period. The reducing gear, the toothed sleeve, rotor 
bearings, and the centralized lubricating system func- 
New 17.1 18.9 64.0 270 tioned normally, and there were no shutdowns caused by 
10.5 11.9 77.6 240 the crushers during this period. At maximum capacity 
F 19.8 19.0 ot.2 70 of the sintering machines, the crushers provide normal 
crushing of the agglomerate (when the interval between 
Old 9.8 10.9 79.3 240 discharges of cake from the sintering machine is 13 
| 9.4 12.7 78.2 240 seconds, only an 8 second interval is required for the 


work of the crusher). 


TABLE 2. The Recovery and Its Grain-Size Distribution In order to study the quality of crushing and screen- 
— ing on the new sintering machines over an extended 
a beg Content (%) of the fraction, period of time, representative samples, collected from 
Sintering es mm the tray of the annular cooler, were charged, and the 
5 oO ong | gus | gue | 48 output and size of the samples were determined. Sam 
| 25 = ples of agglomerate from other machines with old type 
crushers were also charged for comparison. 

| The agglomerate being sintered during the period 
of investigation had the following chemical composi- 
tion, %: 

Fe FeO SiO, CaO Basicity 
50.7 13,4 14,0 12.2 0.87 


The index of trommeled agglomerate samples is 24.6%, 
Data on the grain size of the agglomerate are given in Table 1. 


The data given show that with the same layer thickness on the sintering machines (240 mm), the grain-size dis- 
tribution of the agglomerate after passing through the new type crusher is not appreciably different from its distribution 
on the other machines. Consequently, the new type crushers do not provide additional crushing of the agglomerate. 


The recovery and its grain-size distribution are given in Table 2. The recovery from the new machines is ap- 
preciably lower than from the old machines, using self-balancing screens. This yield may be increased by increasing 


the clearance between the grates (from 16 to 20 mm) amd replacing the grates of square cross section with ones of 
trapezoidal cross section, 


The recovery from the new machines is appreciably coarser (in the + 8 mm yield); this is explained mainly by 
the spilling of material from the sintering machine into the recovery bin without being screened. 
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ERRORS IN REGULATING GAS FLOW AND DISTRIBUTION 
OF MATERIALS IN THE BLAST-FURNACE 


V. F. Pashinskii 


Makeev Metallurgical Plant 
Translated from Metallurg, No. 10, pp. 10-12, October, 1961 


In Metallurg No. 8, 1960, an article by A. N. Chechuro and I. L. Kolesnik appeared: "Errors in Regula- 
ting Gas Flow and Distribution of Materials in the Blast-Furnace." A response to this article is printed 
below. 


The questions of distribution of materials in the blast-furnace and regulation of gas flow are of major import- 
ance in operating a blast-furnace. An attempt to raise furnace output by forced operation with low quality raw ma- 
terials and fuel leads, as a rule, to disruption of the even descent of the burden, which in turn does not provide the 
desired result—increase in iron production. 


The use of natural gas has permitted a curtailment of the coke consumption per ton of iron, The volume of 
the furnace occupied by coke is reduced; the total gas permeability of the burden is also: reduced. Therefore, regulat- 
ing the gas flow and attaining maximum utilization of its energy are of decisive importance. In this regard, the article 
by A. N. Chechuro and I. L. Kolesnik warrants the attention of blast - furnace operators. 


Ways and means of regulating gas flow have been worked out in practice and include changing the charging 
system, the magnitude of the ore load, the level of the burden, the operation of the revolving distributor, and other 
parameters, However, the insufficient and sometimes unreliable data on the course of the process do not permit tak- 
ing the proper measures for changing the gas flow in the direction required. One factor disturbing furnace operation, 
especially during forced running on a burden of low permeability, is the disruption of the uniform movement of the 
gas stream concentrically over a cross section of the furnace—channel flow, and radially— peripheral or central flow. 


Success in the battle with these disruptions depends on how correctly we are able to picture the processes tak- 
ing place in the furnace. Experience with blast-furnace operation has shown that sometimes the usual methods of 
combatting disturbances are unsuccessful, but measures opposite those usually taken are successful. It is precisely 
these facts that are discussed in the article by A. N. Chechuro and I. L. Kolesnik. In explaining the unloading of the 
periphery on using a charging system O-C and loading it using a system C-O, the authors assume that in places of 
Most intensive gas flow the temperature of the gases will be a minimum. They consider that here the descent of ma- 
terials of the burden is most intense. In support of this, A. N. Chechuro and I. L. Kolesnik offer the following evidence 
1) the increase in gas pressure at the mouth without increase in the amount of blast leads to a drop in temperature 
below the guard rings; 2) the colder operation of the tuyeres in the zone of maximum development of the gas stream 
as a consequence of increase in the intensity of descent of materials and their poor conditioning. 


In spite of the apparent correctness of the evidence, we are still inclined to interpret these phenomena other- 
wise. Increase in the gas pressure at the mouth without increase in the blast leads to a decrease in the speed of the 
gases and in dust losses. The quantity of the finer fraction increases on the periphery, and this is the reason for the 
drop in temperature below the guard rings and of the exit gases at the mouth. It is possible, although less probable, 
that a small, round accretion was formed in the furnace at this moment; as is known, the temperature of the gas a- 
bove an accretion is always lower. 


Channels in the blast-furnace should be considered as zones which are looser than others. It is natural that a 
large part of the ascending gases should flow through these zones, This is confirmed by measurements of the pressure 
of the blast: the pressure of the blast above the tuyeres on air where there is a channel is always lower than the pres- 
sure above the others by 0.03-0,05 atm. The quantity of air leaving these tuyeres and the amount of coke burning 
per unit time in front of them increase. 


The burden materials will tend more rapidly toward these tuyeres, not only from above but laterally as well. 
During channel flow, a redistribution of materials takes place in the furnace, resulting in the entrance of an increased 
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quantity of iron-containing materials into the channel zones at the tuyeres which leads to their cold operation. The 
tuyeres situated outside the channel zone operate hot, since the materials there require less processing. It is also 
necessary to take into account that the temperature of the blast leaving individual tuyeres may differ by 50-100°. 
This may have a fundamental affect on the operation of the tuyeres. 


As the top pressure increases, the angle of repose of the agglomerate decreases and does so faster than the angle 
of repose of the coke due to its greater mobility, movement in the blast, and etc. The mobility of the agglomerate 
is greater, the smaller it is. When fine agglomerate is being used, it is very probable that its angle of repose is less 
than that of the coke. This is related to the observed unloading of the periphery during use of the system O-C and 
loading of it during use of the system C-O. 


The formation of a zone of increased permeability in the column of charge materials occasions an intensifica- 
tion of gas flow through this zone and loss of the finer portions of the ore and agglomerate. The quantity of reducing 
gases per unit weight of oxides flowing through this zone increases also, although utilization of the energy of the gas 
decreases. In order to restore the original condition, it is necessary to load an increased amount of ore and agglome- 
rate on the loose zone. Decreasing the gas permeability in a channel zone forces the gas stream to redistribute itself 
more evenly over the furnace cross section. Moreover, increasing the ore load in the channel zone causes a decrease 


in the temperature of the gas, reduction of its volume and hence its speed, and a reduction in dust losses which ac- 
clerates blocking of the channel. 


An increased amount of charge materials may be loaded in the predetermine place with the help of the revolv- 
ing distributor. It has been noted, and this is pointed out in the article, that deposition of a crest in the place where 
the channel is located does not always ensure success. 


An analysis of the distribution of materials in the bin, scale-car, skip, and on the small cone of the distributor 
may explain this phenomenon. Under the conditions of operation of the blast-furnace on hot, sintered agglomerate, 
the formation of a crest of materials on the small and large cones will take place somewhat differently than under 
conditions of operation on raw ore. By “crest" we mean to imply not the thickness of the mixture of materials in the 
hopper of the small cone, but its weight per unit of cross sectional area. The quantity of iron oxides per unit area for 
layers of equal thickness will be greater where the materials are finer. For raw ore the position of the crest will coin- 
cide with the location of the layer of greatest thickness because of less redistribution of the chunks of ore; this is 
explained by their greater cohesive strength, i.e. smaller mobility. 


As the agglomerate moves in the bin when loading the scale-car, the finer fractions, sifting between the larger 
chunks, will move closer to the inclined wall of the bin. Consequently, more fines will enter the scale-car when the 
trap is first opened than at the end of loading. Moreover, those large chunks which do drop first will be broken up. 
An analogous process takes place when the agglomerate is loaded into the skip. Jarring while the agglomerate is be- 


ing transported in the scale-car and the skip will also promote sifting of the fines between the larger chunks toward 
the bottom of the skip and scale-car. 


When the skip is dumped onto the small cone, the reverse process will occur. The upper layers— large chunks 
of agglomerate will enter first. The fines, being on the bottom of the skip, will later fall onto the slope formed by 
the materials entering first and will concentrate along the opposite side, i.e. under the trestle. Therefore, in order 
to eliminate the channel the distributor must be turned such that the finer fractions which reduce gas permeability 
will be loaded into the zone of intense gas flow. Since the crest, i.e. the greater weight of materials per unit of 
cross sectionals area, will not be where one would ordinarily expect it—along the side opposite the trestle, but rather 
along the other side, elimination of the channel can be accomplished by turning the revolving distributor to a posi- 
tion opposite that usually taken. Similar occurrences have been observed in the furnaces of the Makeev Metallurgical 


Plant which operate on 100% agglomerate containing a large quantity of fines and coarse chunks; they were elimina- 
ted by the method described above. 


A large quantity of iron oxides is not found in the channel zone, since all fines are carried away from there. 
This means that the essential reduction reaction does not take place. The heat of the gas and its chemical energy 
will be largely unconsumed, and gas having a higher temperature will enter the upper horizons. All this explains 
why the temperature of the gas will be higher where the intensity of gas flow is higher, and not vice versa. This con- 
clusion is strongly supported by the simultaneous measurement of the temperature and CO, content of the gas along 
the radius of the furnace. There is small probability of the development of the reaction CO,+ C->2CO in a channel 


zone, since the CO, content of the intensely moving gas stream will be small. This reaction has no significant affect 
on the change in the temperature of the gas. 
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Therefore, the temperature of the gas in the blast-furnace will be a maximum in regions of intensive flow. Un- 
loading of the periphery by applying the system O-C is explained by the decrease in the angle of repose of the ag- 
glomerate as a result of increasing its content of the finer fractions, leading to an increase in mobility of the agglo- 
merate. 


A change in the usual manner of regulating gas flow by changing the operation of the revolving distributor made 
in particular instances is not to be considered a rule, but as a particular temporary measure which reveals the function 
of the quality of the agglomerate. 


THE SINTERING MILL OF THE CHELYABINSK 
METALLURGICAL PLANT 


E. P. Lyskov, Superintendant 


Translated from Metallurg, No, 10, pp. 12-14, October, 1961 


The socialist government is one which assumes responsibility for guarding and constantly improving 
the health of the entire population. This is provided by a system of social-economical and medical 
provisions, An extensive program of measures is to be realized which is directed toward prevention 
and decisive curtailment of disease, elimination of infectious illnesses, and further increase in the 

life span, (From provisions of the Program of the Communist Party of the Soviet Union). 


In 1956 a sintering mill went into operation at our plant. During the process of its utilization, a number of short- 
comings have appeared which make working conditions considerably worse in some sections. These will be mentioned 
first of all: a) extreme dustiness—when unloading unmoistened blast-furnace dust from the cars into the holding bins 
and distributing the dust with the apron feeders, during comminution of limestone in the rod mills, and when distribut- 
ing the recovery onto the conveyor belt from the portioning tables; b) hard physical labor—during the unloading of 
wet ore from the cars (especially in winter), and when stoking the ore into the breast of the conveyors and into the 


bins; c) arrangement of the starting equipment for much machinery in a manner unsatisfactory from the safety engi- 
neering point of view. 


In order to eliminate these shortcomings in the sintering mill, measures were taken to provide sanitation and 
considerably alleviated working conditions for the workers. 


The Battle with Extreme Dustiness in Industrial Installations 

During the fist three years of operation, the raw material for sintering was blast-furnace dust from the dumps 
and dusty limonite ore from the Bakal" deposits. The dust from blast-furnaces running on limonite ore is characterized 
by a high content of fines, has appreciable fluidity, and is not easily moistened. 


The plans did not call for a special unit for preliminary moistening of the blast-furnace gas, and wetting the 
dust directly in the holding bins was ineffective. Transporting the poorly moistened blast-furnace dust along the track 


from the holding to the charging bins filled the working spaces with dust. In particular instances, the dust content 
reached 60,000 mg/m’, 


The dusty ore with a grain size of 0-300 mm and a high moisture content (up to 18%) is shipped to the plant 
from the Bakal* mine directly from the stopes. The ore is screened in order to separate out chunks bigger than 15 mm, 
In summer the dusty ore sticks in the bins, clogs the feeders when transferred from one conveyor onto another, and is 
not easily screened. In winter the wet ore turns into a monolithic mass during its tip from the mine to the plant, and 
that in the bins freezes. 
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Fig. 1. Mill before covering. 1) Charging Fig. 2. Mill after covering. 1) Upper (de- 
end; 2) discharging end; 3) bolt openings; tachable) part of the cover; 2) lower part 
4) collecting limestone conveyor. of the cover; 3) bin for limestone losses. 


After a prolonged search a method of preparing the blast-furnace dust and the dusty ore by mixing them with 
wet ore in specified proportions was worked out, whereby the ratio of dust to ore was a maximum during the winter 
at 1:1 but 1:2 during the summer. A special group was detailed for the mixing which is done in the ore yard of the 
smelting mill. Blast-furnace dust and ore was dumped in the ore yard according to a specified sequence, and a gantry 
crane removed the dust and ore in the required ratio to the stock pile. The dust content in the working spaces during 
unloading the mixture and transporting it along the track dropped to 10-12 mg/m’, 


In the crushing section limestone was ground in rod mills manufactured by Uralmashzavod according to a stand- 
ard design, Eighty bolts were set into the cylindrical part of each mill in order to reinforce the lining plates. Much 
limestone sifted through the bolt joints; this caused extreme dustiness. Mositening the limestone before crushing led 
to clogging of the charging end of the mill and a sharp drop in its capacity. 


In order to decrease the dustiness of the mills, they were furnished with covers which also decreased the noise 
from the crushing rods. Bins were mounted under the mills to collect the limestone losses; from these the dust fell 
by gravity onto a conveyor (Fig. 1 and 2). 


The dustiest and steamiest section of the mill was the recovery unit. Cooling of the recovery took place directly 
in the bins, and complete cooling could not be achieved due to the insufficient pipe capacity of the drainage system 
of the unit. The recovery stuck to the bins and descended unevenly, caving and scattering over the working space. 
Much dust and steam was created in feeding the recovery onto the conveyor. The existing ventilation system did not 
work due to clogging of the air conduits and ventilators with deposits of moist dust. Electrical and mechanical equip- 
ment quickly got out of order, and working conditions for the service personnel were very unfavorable. 


When sintering machine No, 3 was put into operation, the recovery unit was reconstructed, for which purpose 
the mill was shut down for 12 days. 


During this period the following work was completed: 1) the height through which the recovery falls from the 
feeder onto the conveyor belt was decreased by 800 mm; 2) the slope of the feeder was decreased to 45° in order to 
decrease the velocity of fall; 3) suction of the ventilators was increased by 100%; 4) the power of the intake ventila- 
tion was increased by 100%; 5) moistening of the recovery in the bins was eliminated. 


The reconstruction of the recovery unit eliminated steam formation and decreased the dust content to 20 mg/ 
3 


m . 
The somewhat high dustiness is explained by the dust given off by the multicyclones on the collecting conveyors 
which are situated in the section of the recovery cycle. 


Measures in Safety Engineering and Improvement of Working Conditions 

Unloading the frozen ore from the cars required a large number of workers, and labor productivity thereby was 
very low. With the use of blast-furnace dust to partially dry the wet ore, it was found possible to use self-dumping 
cars for transporting the mixture; this sharply alleviated working conditions and reduced the number of workers oc- 
cupied with unloading. 
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Fig. 3. First installation of 
vibrators with sheets. 1)Bin; 
2) chain for hanging the 
vibrating sheet; 3) vibrating 
sheet; 4) vibrator. 


Fig. 4, Installation of the 
vibrating sheet at the present 
time. 1) Telescope; 2) disk 
feeder. 


With the aim of eliminating clogging of the transfer feeders, their effective 
cross section was increased and their configuration was altered by removing exces- 
sive bends and changing their slope so as to almost reach the required place. This 
measure succeeded in relieving the workers of the necessity of stoking the feeders. 
Electric vibrators, type C-413 (Fig. 3), were installed to dislodge materials stuck 
in the holding and charging bins. The first use of the vibrators did not yield the de- 
sired effect, and therefore the process of dislodging the ore by the stokers could not 
be eliminated. Later, the vibrating sheet was lowered by 150 mm into the cylindri- 
cal part of the telescope (Fig. 4), and the requirement for systematic stoking of the 
ore then dropped off. 


When sintering machine No. 3 was put into operation, it was necessary to 
install a third feeder and a second collecting conveyor, parallel to the existing 
one, in the recovery section. According to the plans, the controls of the recovery 
proportioning tables were located between conveyors 17 and 17-a. The personnel 
were required to work between the two conveyors with limited clearance and pass- 
age under the operating proportioning tables; this was dangerous. 


Therefore, the following changes were made in the plans: the controls of the 
proportioning tables were removed to a space between the wall and conveyor No. 
17, the clearance of which was increased by reducing the distance between conveyors 
No. 17 and 17-a; for convenient passage between conveyors No. 17 and 17-a, the 
arrangement of the pipes beneath the recovery feeders was changed and some of 
the cross stays of the supporting columns of the feeder were removed. The changes 
introduced created safe working conditions for the personnel. 


The agglomerate was loaded from the sintering machine into cars on two 
railway tracks by means of tipping troughs which were raised and lowered by tel- 
phers located above the troughs in a special gallery. Starters were correspondingly 
installed near each telpher for control. The workers operating the telphers worked 
in a space filled with dust, without shelter or heating, and with limited visibility. 


In order to provide proper working conditions, the controls for tipping the 
troughs were concentrated in an individual compartment at index 12.00 with good 
visibility of the cars being loaded and outside the region of profuse dust creation. 
The telphers were simultaneously replaced with cranes which are more desirable 
machinery. Loudspeaker communications and proper heating and lighting of the 
area were also installed. 


After carrying out these measures, the working conditions of the personnel 
became normal, and standstills occasioned by the disrepair of the telphers and the 
severe working conditions were curtailed. 


In order to further reduce dustiness, we plan the following measures: 1) the construc- 


tion of a unit to remove the dust thrown into the atmosphere in those places were agglomerate falls from the sintering 
machines and is loaded into cars which will make the atmosphere in the mill area less harmful; 2) accomplish the 
removal of dust from the multicyclones with water in order to eliminate dust evolution during the transporting of the 


dust, 
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The Steelmaking Industry 


FIRING OPEN-HEARTH FURNACES OF THE UKRAINE 
WITH NATURAL GAS 


I. I. Bornatskii 


State Planning Office of the Ukr.SSR 
Translated from Metallurg, No. 10, pp. 15-18, October, 1961 


In 20 years the steel industry will be able to melt about 250 million tons of steel per year. The 
production of steel should completely cover the growing requirements of the national economy, 


allowing for the level of technical progress achieved by that time. (From the Program of the Com- 
munist Party of the Soviet Union). 


In recent years natural gas has found wide application in open-hearth production, At the "Krasnyi Oktyabr", 
K. Liebknecht, Il"ich and Taganrog metallurgical plants and others the conversion of furnaces previously fired with 
fuel oil to natural gas (using 35-45% fuel oil to give the required illumination of the flame) showed that the produc- 
tivity of furnaces where no design alterations have been made remains at the previous level and the specific con- 
sumption of fuel and the cost of steel were reduced (Table 1). 


TABLE 1, Operating Indices of the K, Liebknecht Plant Open-Hearth Furnaces 


Time ofheat, | Average wt.of| Hourly pro- | Consumption 
Period Fuel hr-min heat, % ductivity (ac- | of ideal fuel, 
tual time), % | kg/ton 
II quarter 1957 fuel oil 9-27 100.0 100.0 212.2 
I * 1960 gas+ fuel oil 10-10 124.4 115.7 193.9 


The hourly productivity of the open-hearth furnaces of the K. Liebknecht Plant was increased due to the increase 


in the load capacity of the ladle cranes, the capacity of the pouring ladle and other measures which made it possible 
to increase the weight of the heat by 24.4%, 


The conversion of open-hearth furnaces from fuel oil firing to cold high-calorie gas is a complex technical 
problem. The Institute for Utilization of Gas at the Academy of Sciences of the Ukr. SSR and the Zhdanov Il'ich 
Metallurgical Plant are working on the solution of this problem, They are studying the operation of a furnace on 
natural gas without the addition of fuel oil with reforming of the gas in a large diameter stream (when natural gas is 


burnt with insufficient air there is reforming of the natural gas, accompanied by a change in its composition and the 
separation of carbon black particles), 


Academician N. N. Dobrokhotov feels it is undesirable to introduce high-calorie cold gas into the working 
space of the open-hearth furnace in a thin stream and rapidly mix it with air, since under these conditions of com- 
bustion the flame is nonluminous or relatively nonluminous. 


Experimental heats were run on a medium-size open-hearth oil furnace at the Il*ich Plant. The head of the 
furnace was fitted with a shortened lined tuyere in which there was a gas-oil burner (the oil as a reserve fuel) and 
side tuyeres to feed low pressure gas in a large diameter stream at an exit speed of 10-30 m/sec. The first idea was 
to feed all the gas through the side burners under low pressure and to only feed steam through the gas-oil burner. 
However, the head could not be operated in this way since the energy of the central current of steam was insufficient 
to create the required flatness and shape of the flame. The low pressure gas flow was therefore reduced by 50%, the 
remaining gas was fed at high pressure through an end burner. The results of experimental and comparative heats 
showed that the reforming of natural gas in a large diameter stream gives a flat flame with good luminosity. The 


length and luminosity of the flame can be varied over wide limits by redistributing the flow of low pressure and high 
pressure gas. 
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gas is fed without fuel oil in a large diameter stream. 


Work is now being carried out to find the best parameters of the heads of open-hearth furnaces to which natural 


At the metallurgical plants of the Ukraine tests have been carried out on different methods of partially replac- 
ing coke oven gas with natural gas. At the Dzerzhinskii Plant the small open-hearth gas furnaces have been conver- 
ted to firing by a mixture of natural, coke oven and blast furnace gases with a calorific value of 2,750 kcal/m® with 
the following ratio of components (with regard to heat): 12.4% natural gas, 67.3% coke oven gas and 20,37 blast 
furnace gas. The natural gas was fed into the gas pipe of the coke oven gas, the calorific value of the gas mixture 
being increased from 4,330 to 4,680 kcal/m® and the sulfur content being reduced from 16-17 to 13-14 g/m®. How- 
ever, replacing coke oven gas with natural gas in these amounts did not provide noticeable changes in the thermal 


operation of the furnaces. 


The Ukrainian Metals Institute and the Dzerzhinskii Plant have tested the following three methods of using 
natural gas to fire a large-capacity Ped -hearth furnace; passing a ternary mixture through the checkerworks through - 
out the heat (natural gas flow 700 m' 5/hr), passing a ternary mixture through the regenerator checkerworks up to on 
of the bath (natural gas flow 550 m */ hu) and a binary mixture during the final melting (natural gas flow: 1,110 m* per 
hr to the side of the caisson and 600 m°/hr through the tuyeres at the sides of the caisson) with the mean thermal 


and Blast Furnace Gas Mixture and Natural Gas 


loads during the heat varying between 30.7 and 32.8 million kcal/hr. 


TABLE 2. Operation of Open-Hearth Furnaces of the "Zaporozhstal* * Plant During 1960, Fired with a Coke Oven 


Data on furnace operation with 


coke oven and blast 
furnace gas mixture 


natural gas 


min. 


av. 


max. 


min. 


av. 


Indices 
max. 
Annual productivity, % 102.4 
Time of heat, hr 7.55 
Including: 
fuelling 0.38 
charging 1,28 
heating 1,26 
pouring iron 0.21 
melting 2.90 
final melting 1.59 
Average weight of heat, 100.5 
Productivity in actual hour, % 100.7 
Steel produced from 1 m? of hearth area, ton 10,40 
Thermal load for heat, 10° cal/hr 27.3 
Consumption of ideal fuel, kg/ton 142.8 
Consumption of oxygen, m*/ton 50.4 
Idle time of furnaces, % 9.70 
Including: 
cold 4.83 
hot 0.27 


age weight of heat and productivity in actual hour taken as 100%, 


98.4 
7.46 


0.36 
1,25 
1,18 
0,19 
2.86 
1,53 
99.3 
99.3 
9.58 
26.7 
139.1 
46.0 
7.11 


1.91 
4,35 


100.0 
71.50 


0.37 
1,26 
1,23 
0.20 
2.88 
1.56 
100.0 
100.0 
9.95 
27.0 
140.8 
48.5 
8.93 


3.76 
5.17 


106.6 
7.51 


0.39 
1,30 
1,24 
0.20 
2.88 
1.56 
100.3 
103.7 
10,84 
28.2 
143.9 
46.2 
10.64 


5.92 
5.33 


99.2 
1.24 


0.35 
1,23 
1,20 
0.19 
2.67 
1.45 
99.9 
100.0 
9.65 
26.5 
129.0 
41.7 
6.53 


2.90 
3.63 


102.1 
1.37 


0.37 
1.26 
1,22 
0.20 
2.80 
1,52 
100.0 
101.7 
10,11 
27.3 
136.2 
42.3 
8.70 


4,13 
4,57 


Note. Average indices of furnaces working with a coke oven and blast furnace gas mixture —annual productivity, aver- 


The results show that the operation of a large capacity open-hearth furnace using natural gas according to these 


three methods has no advantages over operation with a coke oven and blast furnace gas mixture from a heat engineering 
standpoint, and the consumption of ideal fuel according to the first three methods was 3-13 kg/ton of steel higher 


than the consumption of ideal fuel when firing a furnace with a mixture of coke oven and blast furnace gases. 


q 


In open-hearth production natural gas is only used cold because when it is heated in the regenerators the hydro- 
carbons decompose with a considerable reduction in the calorific value of the gas. 


The "Zaporozhstal’ " Plant together with the Institute of Metallurgy in the Academy of Sciences, Ukr.SSR and 
the Institute for Utilization of Gas in the Academy of Sciences, Ukr.SSR has developed and introduced a method for 
burning self-carburized natural gas in open-hearth gas furnaces without the addition of liquid fuel. A part of the 
natural gas in amounts of up to 50% of its total consumption is led into the former gas vertical channel (at the level 
of the working area) in which it meets hot air. With incomplete combustion of the natural gas particles of carbon 
black separate out and give good illumination of the plane. The experience of the "Zaporozhstal* * Plant on firing 
with natural gas with self-carburation has been used by the Dzerzhinskii, Makeev, DZMO and other plants. 


TABLE 3, Comparative Data of Heats at Furnaces of the “Azovstal’ ° — 
Plant (for two finished campaigns) 


Operationwitha | Operation with natural g 
Indices oven and blast 
furnace gases (be-| first cam- | second cam- 
fore redesigning) | paign paign 
Duration of heat, hr-min 13-43 12-14 12-12 
Including: 
fuelling 0-48 0-56 0-55 
charging 1-55 1-37 1-39 
heating 0.56 0.59 1-02 
pouring iron 1=3) 0.39 0-51 
melting 4-42 4-37 4-32 
pouring iron+ fusion 5-52 5— 16 5-23 
ore boiling 2-42 2-02 2-02 
pure boiling 0-59 0-57 0-54 
deoxidation and tapping 0-31 0-27 0-23 
Average wt. of heat, % 100.0 100.9 113.1 
Amount of liquid fuel 
(with respect to heat), % 5.8 29.5 28.9 
Consumption of ideal fuel, 
kg/ton 172.0 137.5 160.0 
Idle time of furnace dur- 
ing campaign, % 10.6 10.7 11.7 
Steel produced from 1 
m? of hearth area, ton 8.90 7.10 7.76 
Production of furnace per 
hot hour, % 100.0 124.5 126.7 


The technical and economic effect of using natural gas in open-hearth furnaces is most clearly seen at the 
open-hearth department of the "Zaporozhstal* " Plant where open-hearth furnaces have been fired for a year under 
the same conditions both with natural gas with self-carburation and with a mixture of coke oven and blast furnace 
gases (Table 2). 


As can be seen from Table 2, the average annual productivity of open-hearth furnaces fired with natural gas was 
2.1% higher than for furnaces fired with a mixture of coke oven and blast furnace gases. The specific consumptions of 
oxygen and ideal fuel in the first case were less by 6.2 (or by 12.7%) and by 4.6 kg/ton of steel (or by 3.2%) respec- 
tively. 


The productivity of large capacity open-hearth furnaces of the Makeev and Dzerzhinskii Plants increased by 
2-3% on conversion to natural gas firing. At the “Azovstal’ " Plant, in connection with conversion to natural gas firing, 
the open-hearth furnaces were redesigned and the hearth area increased, During a general overhaul in April 1960 one 
of the furnaces was redesigned and converted to firing by cold natural gas from the Krasnodar deposit with a calorific 
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value of 8,300-9,000 kcal/m*, The gas was burnt with the addition of liquid fuel (tar) in amounts of 30% of the total 
consumption of heat at the furnace with intensification of the combustion process by oxygen. Before the redesigning 
the furnace was fired by a mixture of blast furnace and coke oven gases. During the redesigning the length and width 
of the furnace bath were increased at the levels of the metal altars by 41.6 and 15.7% respectively, the hearth area 
was increased by 58.1%, the depth of the bath was reduced by 29.6% and the furnace charge was increased by 14.3%. 
The furnace has seven charging doors, double channel heads, and double reversible regenerator checkerworks. 


It can be seen from Table 3 that the average time of a heat during a campaign when operating on natural gas 
was reduced by 1 hr 29 min and 1 hr 31 min respectively compared with the operation of a furnace on mixed gas 
(13 hr 43 min) the greatest reductions being made in the following periods:fueling, by 16-18 min, pouring iron and 
melting by 29-36 min and ore boiling by 40 min. All heats in the first and second campaigns were increased by 
10.9 and 13.1%, the productivity of the redesigned furnace per hot hour increased by 24.5 and 26.7% respectively. 
The improvement in operation of the furnace provided a reduction in the average specific consumption of ideal fuel 
from 172 kg/ton of steel when the furnace was fired with mixed gas to 137.5 kg/ton in the first campaign and 160 
kg/ton in the second campaign. 


The smelting of steel in the redesigned furnace is characterized by higher rates of oxidation of carbon and phos- 
phorous in the periods of melting, ore and pure boiling. These relationships in the rates of oxidation of carbon and 
phosphorous are due to the fact that iron can be poured more rapidly into a bath of large dimensions, the removal 
of the primary ferrous slag can be delayed for a long time, which improves the conditions of dephosphorization and 
provides a more rapid reduction in the phosphorus content in the metal in the first sample and up to the moment of 
melting. The lower content of phosphorus in the metal before melting makes it possible to reduce the consumption 
of lime and scale in the period of ore boiling. The thermal loads and the rate of increase in temperature during the 
period of pure boiling were higher in heats in the redesigned furnace. 


According to Ukrgipromez calculations, the specific capital investments in the construction of 400-500-ton 
open-hearth furnaces fired with natural gas are reduced by 13-17% and, allowing for the expense on the fuel base, 
by 25%, The cost of the steel is reduced by 0.5 rubles/ton. 


Operating experience shows that the use of natural gas in open-hearth production gives considerable economies 
especially in the cost of steel, reduction in the consumption of ideal fuel and reduction in the capital expenses in 
building new open-hearth furnaces or redesigning them. The productivity is increased by 2-3, 


The more complete utilization of the advantages of natural gas as a fuel involve considerable changes in the 
design of the upper and lower structure of the furnaces, which will make it possible to increase the hearth area by 
25% and considerably increase the productivity. 


MELTING OXYGEN CONVERTER STEEL 


S. G. Afanas‘ev 


Central Scientific Research Institute for Ferrous Metallurgy 
Translated from Metallurg, No. 10, pp. 18-20, October, 1961 


A new converter process based on blowing the iron with oxygen fed from the top into a false bottom converter 
with basic lining has been developed in the USSR and successfully adopted at the Petrovskii and Krivoi Rog Metal- 
lurgical Plants. The main advantages of the oxygen converter process over the open-hearth process is that it requires 
less capital investment and can produce steel of the same quality more cheaply. 


Steel melted in the oxygen converter does not differ from open-hearth steel in its mechanical properties (Table 
1). With regard to impact toughness under ordinary and reduced test temperatures and also after aging oxygen con- 
verter steel has the same indices as open-hearth steel. 
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TABLE 1. Mechanical Properties of Oxygen Converter and Open-Hearth Rimming Steels 


Chemical composition, % Mechanical properties (longitudinal specimens) 
i ratio of 
Steel ‘ — yield point, yield point | relative 
k age kg/mm? | to tensile |elongation,% 
g/mm? strength 
Converter 0.14—0.27 | 0.4—0.6/0.030—0 ,053/0.015—0.038] 38.5—46.8 | 25.5—29,5 |0.595—0.662) 30.9—38.0 
Open-hearth 0.18 0.40 0.033 0.036 40.7 25.8 0.635 34.8 


At the present time low~-alloy silicomanganese steel 35GS, rail steel and St. 5 steel are being melted in con- 
verters in large amounts. Experiments by the Central Scientific Research Institute for Ferrous Metallurgy at metal- 
lurgical plants have also shown the possibility of producing high-grade steels in the converters. The following steels 
were melted in the converter and satisfied the requirements of the All-Union State Standards: tool steel (U-7; U-8; 
U-10), cable steel, axle steel, machine steel (12KhN3A) and Hadfield steel. 


At the Krivoi Rog Metallurgical Plant several 
heats of converter steel 08kp have been melted for 
cold-rolled automobile sheet. The metal was rolled 


TABLE 2. Mechanical Properties of Cold Rolled Sheets of 
1,2 mm Thickness 


Number of | Yield point| Tensile | Relative | Hardness at the “Zaporozhstal’ " Plant and pressed at the 
heat kg/mm? strength, | elongation} HRB Likhachev Automobile Plant. 
kg/mm? % 


The mechanical properties of the cold rolled 


1 23.1 33.9 44.5 50 sheets = given in Table 2. As can be seen wom - 
data given, the converter metal completely satisfied 
the requirements of the All-Union State Standard 
3 22.6 33.0 42.0 49 
4 21.2 33.6 46.0 50 In some countries converter metal is used in 
5 20.8 34,1 45.0 49 ship building, to roll sheets intended for very deep 
stamping, important structures, etc, 
In its chemical composition and mechanical 
State Stand- | 914-56 28-37 low bove 
al 34.0 55.0 properties the oxygen converter steel melted at our 


plants is similar to open-hearth steel. This has en- 
abled the Committee of Standards to put converter 
steels in the All-Union State Standard 9543-60, having the same requirements as open-hearth steel with regard to 
chemical composition and mechanical properties. 


It has now been shown that with regard to the composition of the charge the converter process is approaching 
the open-hearth process, The use of oxygen in the blast reduces the amount of ballast nitrogen and consequently 
reduces heat loss with the flue gases. 


When operating with air blast the heat loss with the flue gases is usually 27%, with enrichment of the blast 
with up to 42% oxygen the losses are 14% and when using commercially pure oxygen they are only 6-7%, 


Calculation shows that, depending on the silicon contentin the iron, the consumption of scrap is, %: 


Content of Si in iron 0.8 0.7 0.6 0.5 
Addition of scrap 23.4 21.1 18,8 16.4 


Depending on the presence of other impurities in the iron the scrap consumption also changes; the following 
relationship holds between the manganese content and the consumption of scrap per heat, I: 


Content of Mn in iron 4.5 5.5 6.5 1.5 
Addition of scrap 23.4 33.9 39.2 44.5 


When processing high-phosphorus irons with a phosphorus content of 1.8-2.0% in an oxygen-blast converter the 
scrap consumption can be 36-38% and when processing Khalilov irons (3.0% Cr and 0.9% Ni)—34-37%, 
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At the Krivoi Rog Plant experiments on the use of scrap have shown that when processing ordinary (open-hearth) 
irons the scrap consumption can be 20-25%, 


Among the foreign producers scrap in converters is used most intensively in the US plants. The Kaiser Company 
(Fontana) uses 28.8% scrap (with respect to iron) in the 100-ton converters, the Jones and Laughlin (Aliquippa) Plant 
uses 42.4% scrap in the 80-ton converters (silicon content in the iron 1.3%, temperature 1,420°). Under the conditions 
of Soviet Plants from the economic point of view and also the convenience in feeding the charge it is more advis- 
able to use pellets or rich ore with a low content of silica rather than scrap. 


During 1960 the average life of the converter lining at the Krivoi Rog Plant was 121 heats and at the Petrovskii 
Plant it was 183.7 heats (consumption of refractories for 1 ton of steel was 18.9 and 13.0 kg respectively). This index 
is lower than those achieved in Austria (300-350 heats), Canada and the USA (270 heats) which depends to a certain 
extent on the thickness of the lining: at our plants it is only 380 mm, in Austria, Canada and the USA it is 750-900 
mm. If we compare the linear wear, then the difference in life of the lining is very little: the lining wear for a heat 
in our converters is 2.5 mm and in the foreign converters it is about 2 mm. 


In the foreign converters they use a multilayer lining, which helps to compensate the expansion of the lining 
and makes it possible to completely use up the whole thickness of the working layer of lining. The thickness of lin- 
ing at the Krivoi Rog Plant cannot be increased, because of the insufficient load capacity of the cranes which trans- 
port the converters from the working stand to the repair stand. 


In 1961 at the Petrovskii Plant there was a considerable improvement in the quality oflime used in the converter 
department. To roast the lime in the cupolas they used natural gas, thus reducing the amount of incompletely burnt 
material and the sulfur content in the lime (from 0.25 to 0.03%). This has improved the conditions for slag forma- 
tion and has improved the life of the lining: in some months it reached 200-216 heats with a specific consumption 
of refractories of 9 kg/ ton of steel. In the converter process, therefore, at the present time with considerable faults 
in the design and thickness of the lining the consumption of refractories is about the same as in open-hearth produc- 
tion. Later, when new converter departments are built the specific consumptions of refractories will be much less. 


Five years experience in the operation of converter departments using oxygen blast has shown that with regard 
to such important indices as the productivity of the units, capital expenses, quality of metal and labor productivity 
the oxygen converter process has definite advantages over the open-hearth process. In order to accelerate the increase 
in capacities of steel melting production in the next few years new oxygen converter departments will be put into 
operation at the following plants; Western Siberian, NovoLipetsk, Karagandinsk, Il"ich and also at the Nizhnii Tagil 
and Kuznets Metallurgical Combines. 


The development of the oxygen converter method for melting metal is the most urgent problem in steel smel- 
ting production. 


THE MELTING OF NATURAL ALLOY STEEL 


A. F. Leonov, A. N. Morozov, R. M. Ivanov, I. N. Varnavskii, 
Yu. B. Takhtaev, N. P. Izotov and S. S. Volkov 


Orsko-Khalilov Metallurgical Combine and Chelyabinsk Scientific Research 
Institute for Metallurgy 
Translated from Metallurg, No. 10, pp. 20-21, October, 1961 


In addition to iron, the local ores used at the Orsko-Khalilov Metallurgical Combine contain a number of 
other metals: chromium, nickel, titanium, etc. These ores also have a high phosphorus content. Iron melted at the 
blast furnaces of the combine have the following chemical composition, %: 
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C Mn Si Ni 
3.9-4.5 0,5-0.7 1.7—3.5 0,50—0.70 


Cr Pp S 
1.5—3.0 0,30—0.45 0.030—G6.060 


The high chromium content in the iron complicates its conversion in open-hearth furnaces and the principle of 
the duplex process is therefore used: acid converter— basic open-hearth furnace. By blowing iron in a converter lined 
with fireclay with bottom blast the chromium content is reduced to 0.20-0,40%, silicon with manganese is completely 
removed and the carbon is partially burnt. 


The composition of the semifinished product is given below, %: 


Cc Cr Ni 
2,70—2,90 9,20—0.40 0.45—0.65 


P S 
0,30—0,.45 0.045—0.065 


Using the semifinished products of the same composition natural alloy steels 1OKhSND, 15KhSND, 14GN, etc. 
with a content of 0.30-0.80% Ni are melted without the addition of metallic nickel or its compounds. 


A relatively small amount of slag is formed when the semifinished product is poured into the open-hearth fur- 
nace. The absence of silicon and manganese and also the low carbon content in the semifinished product cause a low 
consumption of iron ore in the charge, which usually does not exceed 6-7% of the weight of the metallic part of the 
charge with a consumption of 65-75% semifinished product. The amount of limestone in the charge is also small 5- 


Th. 


In the initial melting period the slag has a large amount of Cr,Ox (4-7%, and in some cases even 9-11%) and a 
relatively large amount of P,Og (4-9%), During this time the content of silica is low (it does not exceed 17-19%) and 
therefore the basicity of the slag expressed as the ratio CaO/SiO,+ P,Os has a large value, equal to 1.9-2.0. With a 
small amount of slag and high viscosity determined by the presence of chromium oxides, the slag cannot be removed 
from the open-hearth furnace by gravity, it has to be slagged off with a charging machine. 


During the melting process as the iron ore and limestone react with the metal and slag, the amount of slag in- 
creases, the content of CaO in it increases and the SiO, falls. The basicity of the slag increases and up to the moment 
of melting it reaches 1.8-3,5. The content of POs in the slag changes little and on melting it varies between 4.5 and 
7.5%, During this time the phosphorus concentration in the metal is most often 0.015-0,040%, As a result of the trans- 
fer of phosphorus from the metal to the slag the ratio (P,Os)/[P], which is 30-100 at the start of the fusion period, in- 
creases to 200-350, and sometimes (towards the end of melting) still more. The high P,Os content means that consider- 
able care has to be taken in the slagging off during melting and final melting. The slag of the melting period is re- 


moved almost completely and during finishing additions of lime are again made, The lime consumption in the final 
melting is usually 3-5%. 


The basicity of the slag before deoxidation changes from 2.7 to 4.0. The PyOg content is reduced to 2-3% by 


this time, the phosphorus concentration inthe metalusually does not exceed 0.020-0,022% and the chromium 0,10- 
0.15%, 


During the deoxidation of alloyed metal in the furnace by manganese and silicomanganese and in the ladle by 
silicomanganese, ferromanganese, ferrotitanate and aluminum, as in the duplex department, there was vigorous reduc- 
tion of phosphorus. Its degree of reduction* reached 300-350%, The melting of high-grade steel with a phosphorus 
content less than 0.040% was therefore difficult. 


Studies have shown that the dephosphorization of metal can be somewhat improved by increasing the oxidiza- 
tion of the slag during the melting period (in the second half) by additions of scale. During the investigation additions 
of scale to the charge did not have much effect on the dephosphorization of the metal. 


* The degree of reduction of phosphorus was calculated as the difference between its content in the metal before de- 
oxidation and in the ladle sample, related to the content before deoxidation. 
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An effective measure for reducing the phosphorus content in finished 14GN* was to reduce the degree of pre- 
liminary deoxidation of the metal in the furnace. 


During the deoxidation of metal in the furnace by ferromanganese alone in amounts of 2.5-2.7 kg/ton the 
degree of reduction of phosphorus is almost halved, the loss by burning of silicon and manganese is reduced by a fac- 
tor of 14-2 and the time of deoxidation is reduced by 6-9 min. However, with this method of deoxidation the control 
of the metal composition before tapping is much more complex since the boiling of the bath after ferromanganese is 
added to it does not stop but the length of soaking of the heat is considerably reduced. The introduction of this method 
of deoxidation into production involves a more or less prolonged period of acceptance. 


During the deoxidation of metal in the furnace by ferromanganese in amounts of 5 kg/ton the boiling of the 
bath is considerably reduced. This permits a more accurate correction of the content of carbon and manganese in the 
metal at the moment of tapping. The degree of reduction of phosphorus then decreases and averages 200-300%. The 
loss by burning of silicon and manganese is reduced by about a factor of 1, the consumption of silicomanganese is 
therefore reduced by about 2.5 kg$ton and 75% ferrosilicon is reduced by 0.5 kg/ton. 


This method is now used to deoxidize all 14GN steels, the volume of production of which in a duplex depart- 
ment is 65%, 


* The chemical composition of 14GN steel is as follows: 0.11-0,16% C; 0.60-0.90% Mn; 0.20-0,40% Si; 0.50-0,80% 
Ni; not more than 0.040% S$; not more than 0.040% P. 
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Rolled and Tubular Products 


ROLLING-MILL SPECIALISTS AND THE 22ND CONFERENCE 
OF THE COMMUNIST PARTY OF THE SOVIET UNION 


B. S. Shapiro 
Translated from Metallurg, No, 10, pp. 22-24, October, 1961 


More than two years have passed since the 21st Conference of the Communist Party of the Soviet Union finished 
its work. 


During this time the workers and engineers of the rolling mills from the metallurgical plant have done much 
to further improve productivity, 


If the total production of rolled stock in the USSR for 1958 is taken as 100%, in 1959 it was 109.1% in 1960 it 
was 108.2% against the level achieved in 1959 and according to the plan for1961 the production of rolled stock should 
be 108.5% compared with the actual production of 1960. 


Of the increased production of rolled stock a large part is handled by existing equipment. In 1959 the increase 
in rolled stock at the existing mill compared with 1958 was 5.7 (from 9.1%), in 1960 compared with 1959 it was 


4.4% (from 8.2%), according to the 1961 plan the increase should be 4% (from 8.5%) compared with the actual pro- 
duction of rolled stock in 1960. 


The changes in gages are very important. The rates of increase in production of scarce types and also rolled 
stock to supply the new technology have outstripped the general increase in rolled production in recent years. 


The production of rolled stock from stainless, electrotechnical and other highly alloyed steels and also cold- 
rolled and armature steels for building work increased by 1.3-1.8 fold in 1960 compared with 1958, 


The rolling process has been intensified mainly by rationalizing the thermal conditions of the pits and the re- 
heating furnaces and improving the methods (increasing the reductions per pass, reducing the number of passes and 
more uniform loading of the stands, increasing the rolling speeds, modernization and reconstruction of individual 
units of the equipment). 


Thus, at the Kuznets Metallurgical Combine the breaking-down stand of the 2,150 heavy sheet mill has been 
re-equipped: it has been changed from a three-high mill to a two-high reversing mill. There have been considerable 
changes in the blooming mill with the main 7,000 hp motor replaced by a more powerful motor— 10,000 hp. There 
will be similar changes in the near future at the Nizhnii Tagil Metallurgical Combine. 


Plans are now being developed for redesigning linear wire mills at the “Krasnyi Oktyabr’ ", Leningrad Steel- 
Rolling, Sulin, Petrovskii, Dzerzhinskii, Komintern Plants, The plans cover the modernization of the last two lines 
in the rolling, where there is manual feed of material to the rolls and due to this the rolling speed is limited. The 
redesigning of these lines into continuous units will eliminate the heavy labor of the rolling mill workers and sharply 
increase the rolling speed and the productivity of the linear wire mills. 


The proposed redesigning of the merchant mills at the Magnitogorsk Metallurgical Combine, Sulin and Chusovsk 
Metallurgical Plants will considerably increase the productivity of the mills, will improve the labor conditions due to 
mechanization of the production processes at the mill, reheating furnaces and the collecting of rolled production. 


The changes in gages are very important in the production of rolled stock. The rates of production of scarce 
forms of rolled stock in the last few years have sharply outstripped the total increase in rolled production. 


Modern high-productivity mills have been put into operation: in 1959 a 1,150 blooming mill and semicontinuous 
2,800/1,700 sheet mill at the Cherepovetsk Plant, a 1,150 slabbing mill at the Magnitogorsk Combine, a 650 structural 
mill at the Nizhnii Tagil Combine, a 120 transverse-screw rolling mill at the Dzerzhinskii Plant, a continuous 250 
merchant mill at the Krivoi Rog Metallurgical Plant and a thin sheet block for the production of stainless steels at the 
Ashinsk Metallurgical Plant, 
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In 1960 a modern heavy-gage 2,800 sheet mill was put into operation at the Orsko-Khalilov Combine, a unical 
continuous 2,500 plate and sheet mill at the Magnitogorsk Combine, a continuous 700/500 billet mill at the Chere- 
povetsk Plant, a continuous 1,700 light-gage mill at the Il’ich Plant, a continuous 250 merchant mill at the Krivoi 
Rog Plant and a 350 mill at the “Krasnyi Metallurg” Plant. 


The newly started rolling mills give high labor productivity and improve the quality of production; some units 
represent new steps in rolling technique. These include the first Soviet continuous billet mill of the Cherepovetsk 
Plant with alternating horizontal and vertical roll stands, which can roll a billet with large cross sections without tilt- 
ing it during rolling, which ensures high quality in the produced material; the continuous 2,500 sheet mill of the 
Magnitogorsk Metallurgical Combine, which extends the range of sizes and makes it possible to provide sheets of 
much larger dimensions than was possible previously (of thickness 3-4 mm with a width of about 2,000 mm or 6-7 
mm with a width of 2,200-2,250 mm). The use of large dimension sheets will save metal in various branches of engi- 
neering. The 120 mill of the Dzerzhinskii Plant gives considerable economies in metal and frees the scarce forging 
equipment at the automobile plants—by the method of transverse-screw rolling a high yield of useful metal is achieved 
in the production of periodic rolled profiles. The merchant and wire mills of the Krivoi Rog Plant give merchantsteel 
and rod on the basis of a continuous, economical and highly productive rolling process. 


Definite progress has also been achieved in the heating of ingots and billets before rolling. In the last two to 
three years greater use has been made of recuperative reheating pits with a central burner (at the blooming mill of 
the Cherepovetsk Plant, the slabbing mill of the Magnitogorsk Metallurgical Combine), having considerable advant- 
ages over the regenerative pits with regard to the quality of heating, yield of useful metal and sanitary and hygienic 
working conditions for the maintenance personnel. The more uniform heating of the ingots at the recuperative pits 
ensures low loss of metal due to burning, less specific consumption of fuel, simpler and more reliable control, elimin- 
ates the system for switching the valves which helps mechanization and automation of the heating. 


The method used at some plants for removing the slag in the liquid form in the recuperative pits makes it possi- 
ble to reduce the number of frittings of the hearth, to increase the temperature of the working chambers and reduce 
the time needed to heat the ingots. 


However, recuperative pits with a central burner, as well as having advantages over regenerative pits, also have 
serious faults, including the incomplete use of the hearth area, Recuperative pits with top firing, built in 1960 at the 
“Krasnyi Oktyabr* * Plant represent a further step in the development of a rational design for pits. They eliminate 
the main fault of recuperative pits with a central burner—loss of working area of the hearth. Pits with electric heating 
which are now being planned for the "Krasnyi Oktyabr* " Plant should sharply reduce losses due to burning, which is 
especially important in the production of alloy steels. 


Definite advances have been made in the designs of reheating continuous furnaces in the last two years. At the 
Chelyabinsk Metallurgical plant they are currently finishing the building of four-zone high-productivity furnaces for 
a semicontinuous 2,300/1,700 plate and sheet mill. At this mill before the finishing group of stands they will build 
a roller-hearth furnace to heat to 150-200° the material coming from the second roughing stand of the mill, which 
makes it possible to increase the temperature at the end of rolling with difficultly deformable steels and alloys. Car- 
bon steel will be transported through the furnace without heating. 


For the new continuous structural and merchant mills and wire mills (the Chelyabinsk Metallurgical, Western 
Siberian Plants, etc.) they are now planning reheating continuous furnaces with walking beam hearths, where the mater- 
ial to be rolled is heated to about 1,100°; final heating to 1,200-1,280° will be provided in rapid-heating section fur- 
naces, 


The heat-treatment of sheet carbon and low-alloy steels is now being carried out in roller-hearth furnaces, giv- 
ing minimum waste of metals due to the short time spent by the sheets in the furnace, The roller-hearth furnaces 
which have been put into operation at the Alchev Metallurgical Plant are used for carbon and low-alloy steels and 
give stability and reliability in the mechanical properties of boiler, furnace, ship-building and other forms of sheet 
steel. 


Roller-hearth furnaces for the heat-treatment of thick sheet steel will soon be operating at the Orsko-Khalilov 
Combine and the Cherepovetsk Plant. Furnaces of a similar design are used to heat sheets for the hardening of stain- 
less steel. In order to avoid warping the sheets are clamped in a press while cooling with water. 


Heat-treatment should find wide application in the production of simple and complex profiles of rolled mater- 
ial, including rails. The treatment of rails used at the present time (slow cooling or isothermal soaking and hardening 
of the ends) does not satisfy the increasing requirements for production quality. Under conditions of sharp increase in 
loads, speeds of trains and loads on the locomotive axles a considerable improvement is required in the quality of 
rails, which can be provided by their complete heat-treatment, i.e. hardening with subsequent tempering. In the next 


2-3 years rail and structural mills will be equipped with special furnaces to heat 25-m rails with hardening and subse- 
quent tempering. 


As yet there has been no large scale adoption of the rolling of billets from large ingots of high-speed and other 
high-alloy steels, which involves using the very laborious and uneconomical process of drop forging at the metallurgi- 
cal plants, Favorable results have recently been obtained in the rolling of high-speed ingots weighing 700 kg at the 
blooming mill of the Izhevsk Metallurgical Plant; these results and the work which is still being carried out at this 

plant on the rolling of high-speed steel ingots weighing 2 
tons indicate the possibility of changing from forging to roll- 
ing, giving higher productivity and more homogeneous pro- 
perties in the metal. 


In 1960 the metallurgical plants changed over to the 
mass production of light profiles of I-beams and channels 
with thinner walls andsides and expanded sides. The use of 
these profiles in various branches of the economy will en- 
sure considerable economies in metal. At the present time 
all profiles of light beams and channels are being adopted,. 
except for the No, 60 beam which will be rolled at the 
Nizhnii Tagil Combine after the blooming mill has been re- 
designed, since its rolling requires a wide shaped bloom, 
which can be cut at the blooming mill after the existing 
shears have been replaced by more powerful shears. 


Brigade of the Communist Labor at the open-hearth 
department in the Nizhnii Tagil Metallurgical Com- 
bine, led by steelsmelter Yu. Zashlyapin. From left 
to right: V. Golovanov, V. Sheremet’ev, Yu. Zashlya- 
pin, Nurbai Barashev. (TASS Photographic Service) In 1959-1961 an improved technique was introduced 

for rolling shaped profiles from chrome-nickel and other 
steels with subsequent welding into rings. The use of this method of preparing ring components instead of rolling on 
tire mills give considerable economies in nickel and chromium, since during rolling on structural and merchant mills 
there is the possibility of greater approximation to the required finished profile of the ring component, This work should 
be considerably extended both at the metallurgical plants and at the plants using ring components. 


During 1959 all the metallurgical plants adopted 27 new rolled profiles and in 1960 they adopted 40. 


Economies in scarce alloying elements (nickel and chromium) can be provided by the extensive use of double 
layer and triple layer metals of stainless and carbon steels, The rates of development in these forms of rolled produc- 
tion at metallurgical plants are still insufficient. 


The rolling mill specialists have done much to intensify the process, adopting new capacities and saving metal. 
The tasks put before Soviet rolling mill specialists by the party will be nobly fulfilled. 
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AN EXPERIMENT IN THE PRODUCTION 
OF HIGH WEAR-RESISTANT RAILS 


D. M. Rabinovich, Chief of the Rolled-products Laboratory; 
V. V. Skakun, Chief of the Rail and Beam Mill;M. S. 
Shermeister, Chief of the Section for Heating Devices, 
Nizhne-Tagil Metallurgical Combine 

Translated from Metallurg, No. 10, pp. 25-26, October, 1961 


The density of freight traffic on railroads in the USSR continuously increases, as well as the speed of trains and 
axle loads. This causes the working conditions of the rails to be changed. 


An improvement in the top structure of railway beds and, in particular, the laying of heavy rails types R-50 
and R-65 did not solve the problem with respect to increasing the wear resistance of rails; it was first necessary to 
improve the properties of steel for rails by changing its chemical composition and converting to the production of 
alloyed rails, and by heat treatment. But all these methods appreciably increase the cost of rails. 


Heat treatment even on rails of carbon steel can con- 
siderably increase their strength, but due to the complexity 
of the profile and the great length of the rail it was difficult 
to work out a technology of heat treatment. Therefore, in the 
USSR in 1960 heat-treatment experiments were carried out 
mainly towards case hardening the rail head. However, in 
this case there was a limited possibility of hardening the en- 
tire working area of the head, of treating rails of alioyed steels, 
and of increasing the durability of other elements of the rail. 
It was important to search for a means to heat treat rails 
completely (bulk hardening and tempering). 


In 1960 the Nizhne-Tagil Metallurgical Combine con- 
structed a prototype installation consisting of a heating unit 
‘ : ; for heat treatment (a high-speed sectional furnace) and of 
Fig. 1. High- : 
6 eiiaeneinmancneuniemesanl mechanisms for oil quenching the rails (Fig. 1). 


The furnace consists of ten sections 1600 mm from each other, arranged in a single line. The spaces between 
the sections are spanned by special reels in which hollow, water-cooled rollers are placed for transporting thé rails 
along the furnace. Each section consists of a metal frame with a specially constructed chamber made of refractory 
material. The rails are heated by eight double, short-flame burners fired by coke-oven gas. The burners are arranged 


on two sides in staggered fashion. To ensure even heating over the length, the rail moves forward and backward in 
the furnace at a rate of 4 m/min. 


As the results of the investigation showed, the most acceptable regimes of moving the rails in the furnaces 


proved to be the following: the first cycle over the entire length of the furnace, the second cycle up to the middle 
of the tenth section. 


The quenching unit consists of a oil tank which is equipped with an oil supply line for changing the oil, an 
air supply line for agitating it, and support beams on which the rails are laid. 


Over the tank, on special suspensions, is fastened the quenching traverse which is a welded, metal structure 
with a roll table built into it and with a drive for lifting and lowering it into the tank. 


The following technological process was developed for heat treatment as a result of the investigations. The rails 
having passed all technological specifications and having been accepted by the Ministry of Communications, are sent 
to the heat treatment bay where they are laid one at a time on the receiving roll table and sent to the hardening fur- 
nace, and then special guides direct the rails between the shoulders of the upper roller of the roll table. 
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The rail moves along the furnace for 9-11 min, After being heated 
to 890-920°, it is delivered at high speed (30 m/min) to the receiving 
roll table of the quenching traverse where it is exposed to the air for 
30-60 sec. When the rail reaches a temperature of 820-860° it is lowered 
with the traverse into the quenching tank containing oil (spindle oil 3) 
for 4-6 min, then the oil is allowed to run off and the finished rail is 
delivered to the receiving roll table where they are bundled 3-4 to a 
Fig. 2. Rail wear: a) hardened; b) un- pack and sent for tempering to the isothermal furnace. Tempering is 
hardened. carried out at 480-520° for 2 hr. 


Rails 
Properties 
heat treated not heat treated 
Yield strength, kg/mm? 79.5 44,0 
Ultimate strength, kg/ mm? 123.0 83.5 
Relative elongation, % 11.0 11.7 
Relative necking, % 33.5 15.8 
Specific viscosity at +20°, 3.7 2.0 
kgm/cm? 
Hardness, HRB 3.2 3.9 
Sag in pile-driver tests, mm 26.0 43.0 
Wear resistance (according to wt. 0.726 1.746 
loss in specimen), g 


The heat-treated rails have a certain curvature (its maximum magnitude does not exceed 80 mm). There is 
no twist to the rails and therefore they need only straightening. 


After straightening, the rails undergo control testing for hardness, pile-driver hardness, and mechanical properties 
in conformity with the technical specifications agreed upon with the Ministry of Communications. 


During its operation, the industrial prototype installation heat treated more than 1000 t of carbon-steel rails 
and small lots of low-alloy steel rails. 


The material gleaned from these investigations made it possible for the design organizations to work out a plan 


for a heat treatment department which will treat 25-m rails by this method. The properties of the heat-treated rails 
were exceptionally high. 


Comparative data are given below for properties of rails of the same chemical composition before and after 
heat treatment (Table). 


The operational resistance of the rails was evaluated by laying the first experimental lots of rails in a load- 
bearing strand as a curve with a radius of 430 m on the heavily trafficked section of the Sverdlovsk railroad. Treated 


and untreated rails were layed alternately. After almost two years of service the "raw" and heat treated rails were re- 
moved for checking from one section of the railroad (Fig. 2). 


At the present time, rails that were not heat treated have been removed from the line due to their great wear. 


The heat-treated rails, according to the data of the Ministry of Communications, will last three times longer than the 
ordinary rails. 
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RECONSTRUCTION OF THE THREE-ZONE CONTINUOUS 
FURNACES 


E. M. Shvetsov and M. S. Shermeister 


Structural and Merchant Mill Shop of the Tagil Metallurgical Combine 
Translated from Metallurg, No. 10, pp. 26-28, October, 1961 


Before metal is rolled on the 650-structural mill it is heated in end-delivered three-zone continuous furnaces 
designed in 1958 according to the plans of Stal*proekt. The furnaces are heated by a coke-oven and blast-furnace 
mixture with a calorific value of 1500 kcal/m'; the mixture is delivered to the furnace through 20 injection burners 
(six in the soaking zone and 14 in the fusion zones). The width of the furnace along the brickwork is 6728 mm, the 
length of the useable hearth is 28,960 mm, the gas pressure at the front of the furnace is 1500 mm Hg, the tempera- 
ture in the soaking zone is 1240-1280°, in the fusion zone 1320-1380° and in the continuous zone 700-1000°. 


The planned productivity of the furnace was reached 
48 three months after it was put into operation. However, a num- 
ber of structural shortcomings were found during the operation 
that had to be eliminated. 


The construction of a blind bottom which was called 
for in the plan (Fig. 1a) proved to be very unsuccessful during 
furnace operation. Mounds were frequently formed on the 
bottom which hampered the movement of blooms in the fur- 
nace, In spite of the fact that every shift cleaned the bottom 
by means of a shaped slab, after 30-40 days of operation the 


MY 


To improve the structure of the bottom, the thickness 
of the chrome magnesite and fireclay layers of bricking was 
reduced by 115 and 65 mm respectively (Fig. 1b). Along the 
heat-resistant bottom beams a lining layer was applied at an 
B fireclay brick; 3) diatomaceous brick; 4 and 5) angle of dl in order to protect the portion of the beams 

: ca which project 180 mm above the bricking. The lining consists 
chrome magnesite powder and lining; 6) hearth ; 
iin. of 95% chrome magnesite powder (3-mm fraction) and 5% 

fireclay. The carefully mixed constituents were watered until 

there was a paste-like consistency. The space between the beams was filled with a layer of chrome magnesite powder 
(3-mm fraction) to a height of 180 mm; this powder is obtained from grinding the face of chrom magnesite brick. 
The lining layer, 600 mm wide, which is applied at the beginning the end of the bottom perpendicularly to the traffic 
of metal, protects the powder from being carried out of the bottom by the furnace gases. 


Fig. 1. Construction of the bottom: a) plan; b) after 
reconstruction; 1) chrome magnesite brick; 2) class 


The new bottom construction makes it possible to clean the mounds using the metal itself as it moves through 
the soaking zone. 


Operational experience with the newly designed bottoms showed during the year that they are quite effective. 
Now the bottom is fettled with chrome magnesite powder 2-3 times a month by a special gun working on compressed 
air and the powder levelled by a shaped slab. Fettling takes 30-40 min. The furnaces were not shut down during the 
year to repair the bottom because of the formation of mounds. The life of the bottom beams made of 28kh steel is 
9-12 months and remained as before, thanks to the lining. 


The exemplary condition of the bottom made it possible to charge in two rows and to heat sorted axle blanks 
1.7 m long at a distance between the slide pipes of 1.4 m without the danger of the metal “drilling” into the furnace. 


The savings from introducing the new bottom structure is 26,000 rubles a year, 
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Fig. 2. End wall of lower burners: a) plan; b) after reconstruc- 
tion; 1) Class B fireclay brick; 2) chrome magnesite brick; 3) 


chrome magnesite lining. 


Section AA 


Section BB 


WAS 
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Fig. 3. Diagram for delivering blooms to the furnace: a) “in staggered 
fashion"; b) new method. 


Because lightened sections are rolled on the mill it was necessary to increase: the heating temperature of the 
metal by 50-80° in comparison with that provided for in the plan. As a result, the life of certain parts of the furnace, 
the tunnels of the upper and lower burners, the end wall of the upper burners and especially the lower ones (made of 
class B fireclay according to the plan) was reduced to 2-3 months. 
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The substitution of chrome magnesite for fireclay brick and the change in the slope of the end wall of the lower 
burners, as well:as the construction of additional double archs over the burner tunnels (Fig. 2) made it possible to in- 
crease the life of these parts by a factor of 4-5. 


The longitudinal walls of the upper and lower fusion zones, made of class B fireclay were faced with chrome 
magnesite, which doubled the life of the walls. 


The plan called for delivering blooms for tubular and square stock to the furnace “in staggered fashion” (Fig. 3), 
since at the shears of the blooming mill the metal is cut in half into blooms 4.2-4.4 m long. Such a layout for cutting 
and delivering the metal made it possible to use only 70% of the useable area of the hearth which, naturally, reduced 
the productivity of the furnaces and mill and led to an over consumption of fuel. 


The new layout for cutting and delivering blooms for tubes and squares (Fig. 3b) permitted maximum use of 
the useable area of the furnace hearth, saved 4 kg of fuel per ton of rolled product, and increased the output of the 
furnace to 100 t/hr. 


In addition, two additional beams were installed to prevent solidification of metal on the sloped plane between 
the beams of the bottom. 


The successful experiment of our plant in reconstructing the bottom, increasing the life of the individual parts, 
and improving the use of the hearth area of the furnace gives us reasons to recommend it to other plants. 


PACKING OF SHEET MATERIAL 


V. P. Emel'yanov 


Magnitogorsk Metallurgical Combine 
Translated from Metallurg, No. 10, pp. 28-29, October, 1961 


Before packs of sheet metal are delivered to the consumer, they are banded and tightened with thin steel bands. 
Each pack is tightened by hand or by a tightening machine. 


The Magnitogorsk Metallurgical Combine has recently been testing many different tightening and packing 
machines which use special stamped clamps for attaching the ends of the bands. Thus, for machines similar to those 
being used now for packaging bundles of thin steel sheets in the USA, France, England, Belgium, clamps of rather 
simple shape stamped from mild steels 1-2 mm thick are required (Fig. 1). The band is made fast after tightening 
by crimping the clamp in several places together with the packaging band. 


After testing several types of machines, those having clamps for fastening the bands (shown in Fig. 2) became 
the most widely used at the Combine. The clamp is put on one side of the packaging band so that the end of the band 
1 is not more than 100 mm under the clamp on the pack being fastened. The second end of the band 2 also passes 
through the clamp, over the first and is fed to the drum of the tightening machine; then it is bent upwards towards 
the clamp and fastened by the tabs 3 of the clamp. This type of band fastening when wrapping packs of sheet metal 
ensured rigidity of the packs and its stability while in transit. The packaging machine which works with this clamp 
is very simple and does not require special care (Fig. 3). The band is manually tightened also by lever 1 connected 
with rachet 3 and drum 2 having a slot for gripping the end. When the lever is turned, the pawl 8 fastened on the 
lever by axle 9 turns the rachet wheel together with axle 7 of the drum, and the second pawl 11, hinge-fastened (by 
axle 12) in the housing 10 of the machine keeps the rachet wheel from turning during idle runs of the lever. 


During tightening, one end of the packaging band is turned under the clamp, held by the clamp, and squeezed 
by the other end of the band which has passed between blades 4 and 5 to the drum. After the pack is tightened by 


depressing level 6 fastened to the shaft, the upper blade cuts off the excess end of the band. Then the free ends and 
tabs are bent over. 
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Fig. 1. Fastening of sheets: 1) Clamp; 2) band. 
Fig. 2. Clamp. 
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Fig. 3. Tightening machine for fastening the bands with a clamp. 


Since this packing machine was introduced the productivity of labor at the Combine in the packaging sections 
has increased by 50% and, in addition, the work of the packers has been considerably lightened. 
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NORMALIZING OF TUBES IN THE PRODUCTION FLOW 


N. G. Mikhaylus*, Power Engineer of the No. 1 Shop at the 
Yuzhnotrubnii Plant 


Translated from Metallurg, No. 10, p. 30, October, 1961 


Our plant has adopted a very simple and valuable suggestion for normalizing tubes in the production flow. 


Heretofore, after the tubes were reduced they were cooled on a cooling table, then preliminarily straightened 
in the straightener, treated in the normalizing furnace and again straightened. 

The efficiency experts suggested placing sheet-iron shields under the chains of the cooling table and over the 
table (figure). Thus a unique chamber was created in which the tubes were normalized instead of rapidly cooling on 
the open table. 

After the reducing mill the tubes are delivered to the table where their temperature is 800-1000°. This ensures 
a good normalizing of tubes made of 36G2S and 12KhMF steels. Depending on the size of the tubes, the speed of the 
cooling stand's chains is 0.04-0.07 m/sec. 

At this speed and a shield length of 5 m the tube is normalized in 75-130 sec while the chains continuously 
move on the table. 


q) 
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Device for normalizing tubes in the production flow: 1 and 2) upper and lower shields; 3) chain of 
the cooling table; 4) tubes. 


The tubes are uniformly laid automatically one to each cubicle in the chains of the cooling stand; this ensures 
the maximum use of the table area. 


Tests showed that tubes which have been normalized in the production flow are not inferior in quality to those 
treated in special normalizing furnaces. 


The use of this simple and cheap device will yield a considerable savings. Even according to the somewhat 
underestimated calculations 45 kg of fuel and 8 kwt-h of electrical power per ton of tubes made of steels 36G 2S and 
12KhMF are saved; it is no longer necessary to transport the tubes from the straightener to the furnace and back to 
restraighten them; the time needed for producing tubes has been reduced, the working force is being economized, and 
the furnace is free to treat other products. 


Our original misgivings that the chains would be stretched were not confirmed. 


\ \\ \\ \ 
+S S\ \ 
487 


Hardware Production 


NEW CONSTRUCTION FOR WIRE ROPE FOR SKIP HOISTS 
AND THE BLAST FURNACES OF THE MAGNITOGORSK 
METALLURGICAL COMBINE 


G.M. Fomin, P I. Khromov, O. A. Ryabchikova, 


F. S. Revzina, and V. D. Egorov 


Magnitogorsk Calibration Plant and the Scientific Research Institute 
for the Metalwares Industry 


Translated from Metallurg, No. 10, pp. 31-33, October, 1961 


The Magnitogorsk Calibration Plant and the Scientific Research Institute for the Metalwares Industry has investi- 
gated the utilization of new wire rope constructions for the mining and metallurgical industries, including for skip 
hoists at blast furnaces. We studied the working conditions of ropes on hoists, the causes for wire ropes to be put out 

of operation, and the selection of the most efficient constructions. 


Experimental specimens of wire ropes were tested on the skip bridges at the Magnitogorsk Metallurgical Com- 
bine, where until recently they used mainly regular lay rope with a point contact of the wires in strands of construc- 
tions; 6x 37+ 1 organic core (All-Union State Standard 3071-55) and 18 x 19+ 1 organic core (All-Union State Stand- 
ard 3088-55). 


The life of six-strand wire ropes was 120-125 days, of the 18-strand 140-146 days. The main shortcomings of 
these ropes were: 


a) The point contact of the wires in the strands, which caused additional stresses in the rope where the wires 
crossed, thus leading to local wear, development of fatigue cracks, and ruptures of the wires; 


b) The small diameter of the wires making up the outer layer, which promoted their rapid abrasion when reel- 
ing onto the metal drum; 


c) The large stresses of the twist produced when fabricating the wire rope, 


At first we tested ropes with a linear contact of 
the wires in strands of construction LK6 x 19+1 org. core 
(All-Union State Standard 2688-55) and TLK6x 37+ 1 
org. core (All-Union State Standard 3079-55) and also 
nonstandard 18-strand ropes with a linear contact of the 
wires in the strands and of the strands in wire ropes of 
construction 1+6+6.6, 


The LK6 x 19 rope lastéd 163 days and the TLK6 x 
37, 121 days. Individual specimens of the nonstandard 
18-strand ropes lasted an average of 140-146 days. A 
considerable number of specimens of multi-strand ropes 
were put out of commission after a short period of work 
due to formation of “bay windows" (Fig. 1a) caused by 
nonuniform stresses in the strands and improper suspension 
of the cable. 


It is known from foreign practice that for the success- 
ful operation of multi-strand ropes it is expedient to sus- 
pend them under tension. The life of such a wire rope in- 
creases appreciably. 


Fig. 1. Defects in the wire rope: a) "bay windows"; b) 
hollows. 


Investigations showed that the use of 18-strand ropes is irrational, the more so since the plant does not have 
special equipment for their fabrication, 
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As hoist cables on the skips, regular lay ropes are still used which have the tendency to spin without preliminary 
deformation of the wires in the strands and of the strands in the rope. Therefore it was first necessary to master the 
production of non-spinning ropes, i.e., ropes free from internal stresses. The possibility was shown of using on the skip 
hoist ropes with a single twist which, when the sheaves have a large diameter, are very durable, have considerable 
flexibility, and have a smoother and larger bearing surface. 


Experimental wire ropes were fabricated of construction 6 x 36+ 1 org. core of type LK-RO (All-Union State 
Standard 7668-55); the strands were of construction 1+'7+'7.7+ 14; the wire ropes had a twisted three-strand organic 
core, 


A total of 70 specimens of wire ropes each 157 m long were tested. 


The life of the usual wire rope of construction 6 x 36+ 1 org. 
core (All-Union State Standard 3071-55) under the conditions of 
the blast-furnace shop at the Magnitogorsk Metallurgical Combine 
averaged 160,000 t of hoisted charge, or 130 working days. The 
consumption of wire rope per 1000 t of charge hoisted is 0.98 run- 
ning meters weighing 4.15 kg. 


Wire rope of construction 6 x 36+ 1 organic core operated an 
average of 273 working days, which corresponds to 335,000 t of 
charge lifted. Per 1000t of charge, 0.468 running meters of wire 
rope weighing 2.11 kg is consumed. 


ae Therefore, the use of the experimental rope increased the 

Fig. 2. Longitudinal hollows in the inner layers life on the average by a factor of 2.09 for ropes of construction 

of wire in ropes. 6 X 37 +1 org. core (All-Union State Standard 3071-55) and made 
it possible to lower the consumption of rope by 527 with respect 
to length and by 49% with respect to weight. 


The conferences held in November-October 1960 at the Scientific Research Institute for the Metalwares Industry 
for coordinating scientific research works in the field of steel cables widely recommended the use of wire rope of 
construction 6 x 36+ 1 org. core (All-Union State Standard 7668-55) on all skip hoists at blast furnaces in the USSR. 


A number of defects in the ropes were detected during operation. "Bay windows" (Fig. 1a) are the local destruc- 
tion in the twist of the rope causing a sharp increase in its diameter. They are formed as the result of nonuniform 
elongation of the individual strands while bearing a load, which can be the result of both'nonuniform tension of the 
individual strands when twisting the rope and its improper suspension and operation. 


The multi-strand eight-and 18-strand wire ropes have the greatest tendency to form bay windows. The experi- 
mental ropes of construction 6 x 36 have these defects to a lesser degree, have them considerably less frequently, and 


only after a long period of operation, usually 4-6 months. They most frequently occur at sections which contact the 
sheaves at the instant the drum stops. 


It is known that in ropes witha linear contact of the wires in thestrands, where the concentric rows are twisted 
at different angles, the wires of each row have a dissimilar length, increasing towards the periphery. Consequently, 
elongation of the wires when they come under a load as well as the stresses occurring in the wires will be different; 
this difference will be large, the less close is the stranding. 


The main cause promoting spinning of the wire rope are: 

a) Nonuniform tension in the elements of the rope during the twisting process; 
b) The absence of twisting the strands when twisting the wire ropes; 

c) Improper unreeling of the ropes from the drum. 

The formation of bay windows can be avoided by pre-stretching the ropes. 


Slack in the strands during operation of the rope can be caused first of all by the inferior quality of the organic 
core. The organic cores of single-twist cables (spirals) presently being used do not ensure a reliable support for the 
strands and weakly resist transverse compression, After a short service period, the organic core, becoming compacted, 


q 
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is reduced in diameter, which frequently leads to slack in the separate strands; where the strands touch, large local 
stresses arise causing hazards, hollows in the wires (Fig. 1b), resulting in the premature failure of the rope. 

The Calibration Plant presently uses for skip hoists a three- and four-strand twisted organic core, which also 
yielded positive results and increased the rope life. 

The nature of the failures of ropes with point contact of construction 6 x 37+ 1 org. core is different from that 
of experimental ropes made with linear contact of construction 6 x 36+ 1 org. core. The main difference is that, in 
the experimental ropes failure of the wires results from wear (abrasion) where they run on the drum. 

In ordinary ropes the wires break when their wear is insignificant. The wire thickness at the break points was 
35-45% of the original diameter, and wear is noted even from contact with the neighboring strands. Figure 2 shows 
wire wear in the inner layers of the rope (longitudinal hollows). 

An investigation of worn specimens of wire ropes showed that the ropes were removed after the formation of 
numerous breaks. Even in this state, however, the ropes still had considerable strength left (70% of the original) and 
a large number of bends and twists. Wear of the wires inside the strands in the experimental ropes is observed con- 
siderably less frequently and appears at places where the wires are in contact, as well as where the wires were subject 
to corrosion. High temperatures arise where the ropes contact the drum, as a consequence of which very thin sections 
of martensite, 0.02 mm thick, are formed on the wire surface; this has a very adverse effect on the work of the wire 


since microscopic cracks are rapidly enlarged and cause premature failure of the wire. The microhardness of the wire 
surface on certain sections of the specimens reached 43 HRC. 


Replacement of the old wire-rope constructions by those that are non-spinning with a linear contact of the 
wires in the strands more than doubled the life of ropes used on skip hoists at the blast furnaces. 


New powerful crushing and grading plant of the Sokolovsk- 
Sarbai Concentration Combine. 


Having stood the labor watch in honor of the 
22nd Congress of the Communist Party of the 
USSR, the collective of one of the blast fur- 
naces at the Nizhne-Tagil Metallurgical Com- 
bine has overfulfilled their pre-Congress pled- 
ges. In the photograph are S, Vinogradov, fore- 
man of the furnace (left) and A, Kovalev, senior 
gas-operator, 


The leading blast-furnace operators of the Cherepovets 
Metallurgical Plant. Left to right; third hearth attendant 
G. M, Chernyaev; first hearth attendant N, A, Samukhin; 
shift foreman I. A. Novikov; second hearth attendant N, S. 
Dyranov; gas-operator R, N, Apollonov, 


Photographs by Fotokhroniks TASS 
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Experience of Innovators 


IN THE SHOPS OF COMMUNIST LABOR AT 
THE KUZNETS METALLURGICAL COMBINE 


A. Egorichev and S. Znatkov 


Translated from Metallurg, No. 10, pp. 34-35, October, 1961 


Exciting events began in 1961 —the third year of the Seven Year Plan: at the January Plenum of the Central 
Committee of the Communist Party of the Soviet Union an announcement was made about the convocation of the 
22nd Congress of the Soviet Communist Party. 


During these days the collective of the Kuznets Metallurgical Combine (KMK) resolved to enter into its history 
one of the brightest pages—to compete for the title of Combine of Communist Labor; 41 brigades and two shops have 
already been awarded the communist labor title, 1836 foremost production workers are contending for the title of 
shock-worker of Communist Labor, and 204 of the best workers have already received it. 


The collectives of the No. 2 furnace of the first open-hearth shop and the 3rd brigade of the electric-steelmak- 
ing shop were among the first at the Combine to enter into the rivalry. 


Having assumed higher obligations, the collective of the No. 2 open-hearth furnace headed by steelworkers, 
Hero of Socialist Labor M. Burkatskii, K. Shagalov, M and D. Kuznetsov began a stubborn struggle for this honored 


title. Previously this fumace produced 283,000 t of metal per year, but 287,000 t of steel were smelted in 1959. No 
other furnace of the shop had such indices, 


In the electric-steelmaking shop of the KMK. L-R: 
Steelworker A. Astapov, foreman N. Voronov, and 
controller E, Dolgushina observe the progress of the 
melt, 


Before tapping the heat. L-R: Yu. Nikitin, steelworker 
of the No. 3 open-hearth furnace and his assistants V. 
Kochetov and V. Palkin. 


How did the steelworkers of this furnace attain such results ? First of all, by improving maintenance of the units 
and this in turn increased the life of the furnace roofs; the collective of the furnace saved raw material, fettling 
materials, fuel, and waged a daily battle against furnace downtimes and strove to produce more high-speed heats, 
Good cooperation, thorough knowledge of their specialty, and a conscientious communistic attitude towards the work 
made it possible for this small collective to be numbered among the most advanced. 


In January 1959 the plant committee of the trade union, citing the results of the competition awarded the steel- 
workers of the No, 2 furnace the high rank of Collective of Communist Labor. This all the more inspired the steel- 
workers, assistants, and all personnel of the furnace to increase the output of steel and to improve its quality. 
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During 1960 the steelworkers of the No. 2 open-hearth furnace had on their account more than 6,000 t of steel 
in excess of the plan, they considerably reduced rejects of metal, and improved all productive indices. 


The work of the labor collective of the No. 2 furnace was an example for others. Soon all steelworkers of the 
No. 1 open-hearth shop entered into the competition for the title of Shop of Communist Labor. 


In 1960 they achieved remarkable results, The steel output on the 2-spout furnaces as an average for the shop 
reached 282,800t per year. The collective of the No. 6 furnace smelted 284,000 t, of the No, 4 furnace, 285,000 t 
of steel per year. 


For excellent productive achievements, high labor and industrial discipline, the collective of the No. 1 open- 
hearth shop was awarded the high rank of Shop of Communist Labor on the eve of the 43rd Anniversary of the Great 
October Revolution. 


This award inspired the collective of open-hearth furnace workers to new labor achievements. In the third year 
of the Seven-Year plan they resolved to produce 20,000 t of steel over the plan; during the first quarter they have pro- 
duced thousands of tons of metal. The collective of the 3rd open-hearth furnace headed by steelworkers S, S. Baev, 

S. I. Baltin, Yu. P. Nikitin, and V. Z, Dan‘shin estimating their potentialities, resolved to produce in 1961 300,000 t 
of steel and thus, exceed the earlier established record at the No. 2 furnace by 13,000 t. 


The growth of steel production at this furnace is to be achieved mainly by increasing the weight of the heats and 
by reducing downtimes for repairs. During capital repairs on the furnace, the latest achievements of the innovators 
and efficiency experts of the shop were used that made it possible to change certain parameters of the furnace, which 
was immediately felt in its operation—steel production per square meter of heartharea was 11.87 tons. No other furnace 
at the Kuznets Combine has had such a result. The open-hearth furnace workers resolved to increase the life of the 
furnace roof to 500 heats per campaign, to decrease downtimes for hot and cold repairs to 3. 9%; the time of a heat 
should not exceed 11 hr 30 min. 


Steelworker M. Kuznetsov of the No, 2 open-hearth fur- —_ Jn the electric-steelmaking shop of the KMK. V. A. 

nace among Pioneers who arrived at the plant after de- Rezbantsev (second from the right) discusses the work of 

livering scrap metal. the Congress with the brigades and shock-workers of 
Communist labor (photos by V. Larin). 


The pledges taken by the collective of the first open-hearth shop are being fulfilled successfully. 


In the days of preparing for the June (1959) Plenum of the Central Committee of the Communist Party of the 
Soviet Union, the collective of the electric-steelmaking shop contended for the right to be called a Shop of Com- 
munist Labor. 


The rivalry for this high rank engendered a new outflow of creative energy. Each worker of the shop felt a great 
responsibility not only for himself but for the entire collective as a whole. In 1960 the electric-steelworkers success- 
fully fulfilled the State Plan and their socialist obligations. Along with the open-hearth workers, they were awarded 
the title of Shop of Communist Labor on the eve of the 43rd Anniversary of the Great October Revolution. 


The awarding of this honored title breathed a new energy into the life and work of this small collective. In 
1961 the collective pledged to produce 1,000 t of high-quality electric steel over the plan. 


“We will fulfill our obligation by the opening of the 22nd Congress of the Soviet Communist Party", says 
A. N. Glazov, Chief of the Electric-Steelmaking shop. 


The brigade of communist V. A. Rezvantsev works especially well in this shop. This brigade was the first not 
only at the Combine, but in the entire Kuznets Basin to be awarded the title Brigade of Communist Labor. The col- 
lective of this brigade was the first in the shop to call for the fulfillment of obligations in the third year of the Seven- 
Year Plan by 17 October. "We consider that we can successfully cope with our pledges. For this purpose we have all 
the conditions and potentialities and mainly the sincere desire of each member of the brigade to fulfill his annual 
pledge by the day the 22nd Congress opens", said Victor Alekseevich Rezvantsev. 


The furnace transformers were replaced by more powerful ones during the capital repairs which were recently 
carried out in the furnace. Heretofore, the duration of a single heat of stainless steel was 6 hr, and ShKh15 was 7 hr 
but now a heat is produced 30 min faster. This means that during a year the country will receive hundreds of tons of 
additional metal. The shop has carried out considerable work to organize and arrange people at the working places so 
that all preparatory operations and the smelting process itself occurs more rapidly and better. 


The collective of the No. 1 open-hearth and electric-steelmaking shops has assumed responsible obligations 
in honor of the opening of the 22nd Congress. And there is no doubt that they, united in a single endeavor to produce 
as much metal as possible for the Motherland, will successfully cope with their task. 


As a guarantee of this they labor communistically, they labor in the name of Communism. 


New technology and the shortening of the working day require a transition to a higher degree of labor 
organization. Technological progress and better organization of production should be used fully at 

each enterprise in order to increase the productivity of labor and to decrease the cost of production. 
(From the plan of the Program of the Communist Party of the Soviet Union). 


FORWARD AND ONLY FORWARD 


Translated from Metallurg, No. 10, p. 36, October, 1961 


The Urals! Probably there is no branch of industry which is not directly or indirectly connected with this rich 
land. The Urals by right can be called the homeland of our metallurgy. It is here that the first Russian metallurgical 
plant appeared, it is here that the first Russian metal came into life. 


In the 1930s the first born of Soviet metallurgy, the Magnitogorsk Metallurgical Combine was built close to 
Mt. Magnitnaya. More than 30 years have passed since then. Hundreds of millions of tons of high-quality metal have 
been produced at the Combine. Behind this metal are the people whose hands created it, the people who have devoted 
their unselfish labor to our country. There are many of them at the Combine. During the years of the Five-Year Plans, 


they shipped out the frameworks for the first Soviet plants and then they themselves worked at these plants, smelting 
metal for the young Soviet Republic. 


The Magnitogorsk metallurgists have always been in the vanguard of the constructors of Communism, have ac- 
tively participated in the life of the homeland. 


Any patriotic undertaking found an ardent response in the metallurgists of Magnitka. The Stankhanovite move- 
ment, “everything for the front, everything for victory," “the five-year plan in four years,"the initiative of Valentina 
Gaganova and finally, the rivalry for communist labor —these maineras in the history of our industry found fertile soil 


at the Magnitogorsk Metallurgical Combine (MMK). "Forward and only forward" is the slogan of the Magnitogorsk 
metallurgists. 
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The movement for communist labor, which is widely developing throughout our land, has encompassed the 
metallurgists of Magnitka, At first, individual brigades, then shops, departments, and finally, the entire multi-thou- 
sand collectives of the metallurgical giant entered into the rivalry for the right to be called an enterprise of com- 
munist labor. The word of the collective is a serious word. Reinforced by glorious deeds it shows what the collective 
is capable of doing, what forces are concealed in it. The high award —the title of Collective of Communist Labor 
points out that they are true to their word. This title has already been awarded to two shops, the blast-furnace and 


the wire-drawing skelp shops. Now these two shops are beacons to which the entire collective of the Combine is 
guided. 


Our entire country is preparing gifts of labor in honor of the 22nd Party Congress. The Magnitogorsk metallurg- 
ists have resolved to greet this great event with thousands of tons of metal over the plan: 125,000 t of ore, 50,000 t 
of sinter, 21,000 t of pig iron, 45,000 t of steel, 25,000 t of rolled products. 


It is especially necessary to mark the Collective of Communist Labor of the No. 2 blast-furnace. In 1961 the 
young blast-furnace operators pledged to produce an additional 4,500 t of pig iron. The results for the first half year 
show that the blast-furnace operators of the No. 2 furnace can successfully fulfill their pledges. 


During the two and a half years of the Seven-Year Plan, the collective of the MMK took a significant step for- 


ward. The rate of growth in the production of pig iron and steel, the output of rolled goods, the extraction of iron ore 
has increased, 


During these years considerable new collectives have entered the ranks of the most advanced people of the 
Combine. For example, the brigades of steelmakers of the No. 6 open-hearth furnace P. Makagonov, V. Pryaninov, 
N. Kokosov, and V. Lychak achieved a high output of steel from 1 m? of the furnace hearth. 


The brigade of communist labor which works at the No, 2, 250-continuous four-sheet mill in the wire-drawing- 
skelp shop, which is headed by shift chief A. F. Kusov and foreman N. N Tokmyanin, has gained great fame. The 
collective of this brigade is the pioneer of all great achievements not only at their own mill but in the entire shop. 

It was the first to contend for the right to be called a Collective of Communist Labor and the first among the wire- 


drawers and skelpers to receive this honored title. It was among the first in the shop to work without quality-control 
personnel, 


The brigade has not lowered its tempo this year, Just in the first four months of 1961, it rolled as much metal 
as was required to be rolled during the entire year. 


The efficiency experts of the Combine have contributed greatly to the matter of fulfilling the pledges. 


Each fifth or sixth worker is an efficiency expert or inventor in such shops as the blast furnace, No, 3 sheet-rol- 
ling, breakdown, and No, 2 open-hearth. The efficiency experts have pledged to save 4.5 million rubles by adopting 
suggestions for greater efficiency, in honor of the 22nd Party Congress, Just in the first quarter of 1961, 2,979 sugges- 
tions have been submited in the shops of the Combine, 1,654 adopted, and about 2 million rubles saved. The creative 
initiative gives rise to continuously newer patriotic undertakings. 


The efficiency experts of the breakdown shop resolved to fulfill the yearly plan for savings from suggestions 
adopted by the day the Party Congress opens and to fulfill in five years the efficiency experts’ fund of the Seven-Year 
Plan. The work of the efficiency experts has become the vital affair of the entire collective of workers in the break- 
down shop. The collective of the shop pledged to work so that 25 suggestions are submitted per hundred workers in 
the shop and 17 are adopted, The savings from adopting the suggestions is to be 2,000 rubles per hundred workers in 


the shop, The workers in the breakdown shop also pledged to work out drawings for each 5-10 suggestions by utilizing 
the facilities of the general design bureau. 


The youth march in the front ranks of efficiency experts at the Combine, The campaign for technological pro- 
gress, for an increase in the educational and productive level—these are the main problems which stand before the 
young communist workers at the MMK during the Seven-Year Plan, In 1960, 73 new techniques and 14 automatic and 
production flow lines were introduced with the active participation of the young communist workers. The young 
efficiency experts submitted 2,000 suggestions—a little more than 20 suggestions per hundred young workers. 


The savings from the suggestions adopted was 627,000 rubles. Especially noteworthy are the young communists 
workers of the No, 3 sheet-rolling mill, the youths of this shop introduced and mastered three automatic production 
lines on the cutting machines, The young workers submitted 235 suggestions for improved methods, 900,000 rubles 
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were saved by mechanization and automation and by the introduction of the most advanced experience, Now all work 
of the enterprise goes under the slogan: “Let us make our combine a model enterprise of high mechanization and 
automation by the end of the Seven-Year Plan." 


By this time the collective of the combine will have produced thousands of tons of high-quality metal—the 
metal of peace which goes to strengthen further the power of our country and to raise anew the entire national eco- 
nomy. 


THE MOST ADVANCED EXPERIENCE — TO ALL STEELMAKERS 


N. D. Gromov 


Translated from Metallurg, No. 10, p. 37, October, 1961 


The “Zaporozhstal* * Plant, a very advanced enterprise, was the first plant in our country to use oxygen and 
natural gas on an industrial scale. The conditions of steelmaking in the stationary open-hearth shops of the plant are 
typical for the majority of enterprises in our country having a complete metallurgical cycle. The open-hearth fur- 
naces operate on the scarp-ore process, using 65-70% molten pig iron in the charge Depending on the composition 
of the pig iron and on the grade of steel being produced, 12-15% iron ore and 6-8% limestone, based on the weight 
of the metal charge is also used. 


The Brigade of Communist Labor, the first in Zaporozh*e, headed by Ivan Antonovich Kaela, works at one of 
the large furnaces in the shop. In April 1961 alone the brigade produced more than 230 t of steel over the plan. What 
is the secret of the highly efficient work of this collective? 


The collective accelerates the charging process by using large-capacity charging boxes (1.75 m®) and special 
bunkers to deliver the limestone and to charge the scrap metal into the furnace simultaneously with two charging 
machines. The charge materials start to be charged into the furnace before the steel-tapping hole is finished being 
sealed and are spread in layers in the following order: iron ore, limestone, scrap metal. To accelerate heating of 
these loose materials they are heated layer-by-layer and mixed by the charging machine. The molten pig iron is 
tapped after thorough heating, but without fusing the charge. This ensured rapid slag formation and intense boiling 
of the bath. The first slag is tapped immediately after the pig iron is poured and within a short period of time not 
less than two ladles of slag are removed from the furnace, thus promoting heating and finishing of the metal. After 
the slag is tapped, the heat of the bath is increased and it begins to boil intensely. The new slag is controlled so that 
at the instant the metal is completely melted the slag is fluid and with the necessary basicity. This partial combina- 
tion of the periods of smelting and finishing makes it possible for the brigade to save 20-25 min per melt. 


Special attention must be devoted to the heating conditions when working on the large-capacity furnace. In 
order to maintain a high temperature in the furnace, I, Kaela taps the metal, dresses the furnace, and dries and seals 
the steel-tapping hole without reducing the fuel delivery. During the charging and heating period he keeps the fur- 
nace at the maximum thermal load (38 million kcal/hr) without permitting the temperature of the roof to drop be- 
low 1500°, The temperature of the forsterite checkers of the regenerators is 1350-1400°. The duration of a melt is 
considerably reduced, not by boosting the heating conditions of the furnace, but as a result of its more differential 
supply of heat. The thermal load during the individual periods of smelting is even lowered in comparison with the 
normal load, For example, during the melting period, when vigorous reactions are occurring, I. Kaela reduces the 
consumption of gas by 20-25%, which is compensated by the heat being liberated from the burning of the impurities 
in the metal, Thanks to this not only is fuel saved, but complete combustion is ensured and the checkers are kept 
from overheating. 


The brigade forces finishing of the melt—the rate of carbon combustion is 0.5%-0.6% per hour. In spite of re- 
ducing the melting period in the presence of an increase in the carbon content during fusion, the duration of finishing 
and smelting as a whole proves to be the least when the carbon content is 0.45-0.70%, 
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Brigade of Communist Labor headed by I. A. Kaela. 


I. Kaela*s brigade produces a multi-ton melt in 11 
hours on the average. The brigade saves about an hour to 
an hour and a half on high-speed melts: 5-10 min for fettling, 
10-15 min for charging, 10-15 min for pouring the pig iron, 
10-15 min for melting and 15-20 min for finishing. Because 
of the lack of oxygen in the shop, compressed air is used 
which is delivered to the furnace through the same tuyeres 
as those for the oxygen (installed at the heads and roof of 
the furnace), This improves the organization of the flames 
and increases the productivity of the furnace by 5-6%, Blow- 
ing the metal with air has its advantages in comparison with 
blowing with oxygen: there is considerably less dust which 
makes it possible to begin blowing at earlier stages (during 
fusion and finishing) without the danger of lowering the life 
of the furnace. The quality of the steel in this case is no 


worse; the nitrogen content in the metal does not exceed the usual limits for open-hearth steel (0,005-0,006%), In 
addition, blowing with air is considerably cheaper than with oxygen: 1 m® of oxygen costs 1.35 kopecks and of com- 
pressed air, 0,2-0.3 kopecks, Capital expenditures for installing the compressers for delivering compressed air is 1/8 


of that for constructing an oxygen station. 


The brigade of I. Kaela achieved the highest productivity of large-capacity furnaces not only in the Soviet 
Union but in the entire world. The tapping of steel was 10.3 t per 1 m’ of hearth area. 


The Collective of Communist Labor headed by I. Kaela pledged to fulfill the Seven-Year Plan in six and a 
half years and to produce during the Seven-Year Plan 150,000 t of metal in excess of the plan, to increase the cam- 
paign of a furnace to 560 melts, to reduce the period for each melt by 20 min and to produce 10.5 t of steel per 1 m? 
of hearth area, Having pledged to work, study, and live communistically, the collective is carrying out great works 
to increase production, to train new personnel, and to develop communist principles in relation to production. 
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School of Advanced Experience 
PRODUCTION OF PLATE STEEL 


N. V. Litovchenko and P. I. Plotnikoy 


Magnitogorsk Mining and Metallurgical Institute and the Magnitogorsk 
Metallurgical Combine 
Translated from Metallurg, No. 10, pp. 38-39, October, 1961 


An interplant school was held this spring to study and generalize the most advanced operating experience of 
plate mills; the school was organized by the State Scientific Technical Committee RSFSR, the Chelyabinsk Economic 


Administrative Council and the Chelyabinsk Regional Administration of the Scientific and Technical Office of Fer- 
rous Metallurgy. 


Among the 35 participants at the school were the foremost workers, engineers and technicians of the Magnito- 
gorsk, Kuznets, Nizhne-Tagil, and Orsko-Khalilov Combines, the Cheropovets, Ashinskii, Stalingrad, Vyksunskii, 
Kulebakskii, Chusovskii, Kirov “Amurstal*™ Leningrad Metallurgical plants and other metallurgical and machine 
building plants. In addition to this workers of the Magnitogorsk Mining and Metallurgical Institute and the Siberian 
Metallurgical Institute, as well as the Central Scientific Research Institute of Ferrous Metallurgy and planning organi- 
zations participated in the work of the school. 


Presently sheets thicker than 4 mm are rolled at 17 mills in the Russian Federation. Mainly, these mills have 
been working more than 20 years and only two of them are modern, 


On many mills the workpiece is turned by hand, which requires five to six roll operators per shift to a single 
stand. For example, on the 2850-mills of Ashinskii, 2530-mills of Kulebakskii, 2750-2200-mills of Tagan-Rog, 2250- 
mill of the Kirov, and the 2100-mill of the Vyksunskii plants a brush is used to break up and remove scale from the 
surface of the workpiece during rolling. Branding, marking, and lettering the sheets before cutting them into meas- 
ured lengths at these mills are also done by hand. The thickness and width of the sheet are also measured manually 
by primitive instruments, All mills except the 2800-mill of the Cherepovets Metallurgical Plant, 2350-mill of the 
MMkK and 1150-mill of the KMK which use a slab as the starting workpiece, roll sheets from ingots weighing 0.5-7 t. 
Before being delivered to the furnace, most ingots and slabs are flame cleaned and only the metal of stainless and 
special steels are treated with air hammers or by milling machines. 


The output of a single cutter per shift at different plants is different: from 170 t (the 4500-mill of the MMK). 
At certain plants the surface quality of ingots is completely satisfactory thus making it possible to roll sheets with- 
out precleaning (Ashinskii Plant and the NIMK). The metal is heated before rolling in continuous furnaces at all 
mills except the 4500-mill of the MMK, 4000-mill of the Izhorskii Plant and the 3500-mill of the NTMK. The new 
mills of the Orsko-Khalilov Combine and the Cherepovets Metallurgical Plant are equipped with 4-zone continuous 
furnaces which are highly productive. For example, when heating long (up to 5m) slabs at the Cherepovets Plant one 
furnace heats up to 90 t of metal per hr at an average fuel consumption (in 1960) of 164 kg/t of rolled products. The 
furnaces are heated by a coke-oven and blast-furnace gas mixture and mazut, At certain plants heat-resistant con- 
crete of the following composition is used for the furnace brickwork: 15% alumina cement, 50% chromium ore of the 
large fraction (up to 4 mm), 35% chromium ore of the small fraction (up to 2 mm) and enough water to form a pasty 
consistency. The front wall of the soaking zone, made of heat-resistant concrete, has been working for a year in the 


reheating furnaces of the 2150-mill at the KMK; several blocks of this wall have already been there three years with- 
out signs of wear. 


The insulation of the water-cooled pipes of the furnaces made of the same refractory material has stood up 9- 
19 months, 


The Amurstal’ plant uses dolomite for fettling the bottom of the continuous furnace in place of the more ex- 
pensive magnesite powder. The life of the bottom is not lowered because of this. 


At most mills rolling sheet more than 4 mm thick, the finishing stands are 3-high of obsolete construction. The 


mills are inefficient. Apparently, as the new modern mills are exploited and certain existing mills are modernized, 
it would be advantageous to dismantle some of the obsolete mills. 
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The modern plate-rolling mills of the Orsko-Khalilov Metallurgical Combine and the Cherepovets Metallurgi- 
cal Plant each have three stands: one with vertical rolls, a 2-high roughing, and a 4-high finishing which ensure a 
high productivity of the mills and good quality plates, 


The working rolls of the stands are steel (steel 60KhG and 60 KhM), however on the 4-high finishing stand they 
do not produce a good plate surface and have a short life. At a good rolling rate it is necessary to change the working 
rolls twice per shift at the Cherepovets Metallurgical Plant; at the O-KhMK the plate frequently has larger “whorls” 
on the surface because the working rolls are dented by the cold ends of the plate during rolling. Facing the rolls with 


hard alloys increases their durability by a factor of 2.5-3 (before facing 600 t of sheet were rolled and after facing, 
1500 - 1800 t) but they nevertheless did not give a good surface quality to the sheet, 


Studies are presently being carried out concerning the problem of manufacturing working rolls of pig iron with 
a chilled layer for the 4-high finishing stand. 


The possibility of rolling plates with a rolled edge was provided for when designing the 2800-mills of the O- 
KhMK and Cherepovets Metallurgical Plant. For this purpose, the 4-high finishing stand was made universal and a 
stand with vertical rolls was installed in front of the 2-high roughing stand. But so far rolling of plates with a rolled 
edge has not been mastered on the mills. The longitudinal edges of the plates after rolling are cut off at the shears 
and the vertical rolls of the 4-high stand are used only as manipulators. 


Scale is removed from the surface of the workpiece during rolling by water (pressure 50-100 atm), brushing, 
and salt. An upper roll with a checkered surface was successfully used on the roughing stand of the 2150-mill at the 
KMK. 

Textolite all-pressed bearings cooled and lubricated by water in combination with a thick lubricant are used 
on the stands of the new and modernized mills. Their working life reaches 10 and more months, The existing ob- 
solete mills still use bronze bearings or, in the best case, those made of sectional textolite, cooled and lubricated 
only by water. These bearings are good for 7-15 days. In order to lengthen the life of bearings, many mills use the 
following profiling of the roll drums before installing them in the stand: the large rolls of the 3-high stand are ground 
convex and the middle roll, concave, As it wears, the middle roll becomes less concave and by the end of a cam- 
paign, it is convex to + 2.4 mm along the diameter. 

A number of plants do not cut the edge off of plates thicker than 25 mm and the plates are delivered in a semi- 
cut form. The losses from delivering such plates to the consumers are especially great for the 4500- and 2350-mills 
of the MKK, where in 1959 the losses were 14,845,000 rubles (in the old money). The powerful guillotine shears which 
are used on the new mills at the O-KhMK and Cherepovets Metallurgical Plant are designed to trim the longitudinal 
edges of plates thicker than 25 mm in the production flow; they are presently not operating since their productivity 
proved to be quite low. As experience has shown, it is not expedient to install shears for trimming the longitudinal 
edges in the production flow behind highly productive mills. In order to cut longitudinal and transverse edges of plates 


more than 50 mm thick, it is convenient to install automatic lines for fire cutting, the manufacture of which must be 
mastered in the near future. 


At most plate mills, surface defects on plates up to 20 mm thick are cleaned in the production flow. Plates with 
numerous defects and plates more than 20 mm wide are cleaned in special areas having hand-operated emery grinders. 
Not a single one of these areas of the mills has yet been equipped with control and inspection tables having mechan- 
ical manipulators for the plates. Marking of the plates before cutting the edges and lettering them are accomplished 
manually at almost all plants, True, a rather primitive machine for branding plates intended for export has been in- 
stalled at the mill of the Cherepovets Metallurgical Plant. 


Certain plants ship plates to consumers unpackaged, without indicating the sizes thus resulting in considerable 
confusion as to the type of product, Packing of plates (especially those more than 30 mm thick) directly in the rail- 
way cars is complicated and, unfortunately, is done completely by hand. 


Most mills have exceptionally small warehouse areas for finished products which precludes the possibility of 
rolling irregular plates at the mills. 


All thick plates with the exception of those for special purposes are delivered without heat treatment. In order 
to obtain the necessary mechanical properties of plates when rolling a number of steels (for example SKhL 1-4, 
15KHSND, boiler, bridge, etc.) the rolling mills are forced to restrain sharply the output, At all plants the tempera- 
ture at the end of rolling these steels is 780-830° which upon rapid cooling drops to 450-500°; finally, the plates are 
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cooled in racks, If after such a regime of rolling the plates do not satisfy the requirements of the All-Union State 
Standard, then they are given a lower steel grade (as a rule St. 0). 


Only on the 3500-mill at the Nizhne-Tagil Combine are the necessary mechanical properties obtained by 
heat treatment in furnaces with extension-type hearths and subsequent normalization or water quenching. Conveyer- 
type heat-treating furnaces do not operate at a single one of the plate mills mentioned. Equipment is being assembled 
for a heat-treating department only at the O-KhMK, Cherepovets Metallurgical Plant, and the MMK. 


As a result of the work, the school made the following recommendations. 


1, When designing new mills with continuous reheating furnaces, it is recommended to use as loading devices, 


roll tables with packaging tables and paired pushers. The packaging table should consist of two sections with individual 
drives operating together, 


2. To heat the metal it is recommended to construct 4- and 5-zone continuous furnaces with the two lower 


zones for reheating. Gas (coke-oven and blast-furnace, natural, etc.) should be used as much as possible as fuel instead 
of mazut at these furnaces. 


In order to utilize the heat of the outgoing combustion products, it is recommended to use metallic, tubular 
recuperators along with the ceramic recuperators. For convenient maintenance and operation the recuperators should 
be brought out from under the furnace. 


3. Evaporation cooling of the slide tubes and fittings of the furnace should be provided for on all the newly 
planned furnaces. The slide tubes at all furnaces should be made of square drill pipe. The joints of the slide and 
water-gas supply pipes should be brought out from the high temperature zone to a place more convenient for repair. 
The sectional collector at the steam outlet should be located in an accessible place. 


4, When planning, it is necessary to provide for the possibility that the refractory brickwork of the furnace units 
will be assembled in blocks (a monolithic bottom, walls, ends, roof); to reduce the number of sizes of shaped bricks 


used in the furnace brickwork; to study the possibility of using heat-resistant concrete for making individual furnace 
units (insulation of the slide tubes, ends of the furnace, etc.). 


5. The side walls of the furnace should be equipped with water-cooling screens; the beams of the sloped bottom 
should be made in the form of castings with poured, water-cooled pipes. 


6. The furnaces should be mechanized to discharge the metal from the furnace during hot and cold repairs. The 
bottom beams of the soaking zone should be made as one unit along the length of the zone. 


7, It is recommended to use steel rolls faced with hard alloys on the 2-high stands and steel backup and cast 
iron working rolls on the 4-high finishing stands. 


8, It is expedient to install liquid-friction bearings in the backup rolls of the 4-high stands. 


9. To equip the finishing stands with fast action hydraulic manipulators to center and hold the plate during 
rolling. 


10. The transfers of the coolers and of the control and inspection tables should ensure movement of the plates 
without turning. 


11. It is recommended to install self-holding screws on the screwdown mechanism that won’t unscrew during 
rolling. 


12, To equip the mounted rollers with reliable shocks; to rig the mills with control and measuring devices to 
measure automatically the parameters of rolled goods (width, thickness, length), to record the reduction regimes, the 
rolling force with respect to the passes, and a luminous panel. 


13. Sheets with a thickness up to 25 mm should be cut on shears thicker than 25mm-—on automatic oxy-acetyl- 
ene units. 


14, To perfect the construction of stands of plate mills for rolling plates with rounded edges. 


15, Plate mills should include heat treatment departments. 


16. To install branding machines for the mechanical application of a colored stamp having the plate dimens- 
ions, 
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rete 


FIAN 

GDI 

GITl 

GITTL 

GONTI 
Gosénergoizdat 
Goskhimizdat 
GOST 

GTTI 

IL 


ISN (Izd. Sov. Nauk) 


Izd. AN SSSR 
Izd. MGU 
LENZhT 
LET 

LETI 
LETIZhT 
Mashgiz 
MEP 

MES | 
MESEP 
MGU 
MKhTi 
MOPI 

MSP 

Nil ZVUKSZAPIO! 
NIKFI 
ONTI 

OTI 

OTN 
Stroiizdat 

TsKTI 

TsN IEL 
TsN IEL-MES 
TsVTI 

UF, 
VIESKh 
VNIIM 
VNIIZhDT 
VTL, 

VZEI 


Note: Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us - Publisher. 


SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY 
ENCOUNTERED IN SOVIET PERIODICALS 


Phys. Inst. Acad. Sci. USSR. 

Water Power Inst. 

State Sci.-Tech. Press 

State Tech. and Theor. Lit. Press 

State United Sci.-Tech. Press 

State Power Engr. Press 

State Chem. Press 

All-Union State Standard 

State Tech. and Theor. Lit. Press 

Foreign Lit. Press 

Soviet Science Press 

Acad. Sci. USSR Press 

Moscow State Univ. Press 

Leningrad Power Inst. of Railroad Engineering 
Leningrad Elec. Engr. School 

Leningrad Electrotechnical Inst. 

Leningrad Electrical Engineering Research Inst. of Railroad Engr. 
State Sci.-Tech. Press for Machine Construction Lit. 
Ministry of Electrotechnical Industry 

Ministry of Electrical Power Plants 

Ministry of Electrical Power Plants and the Electrical Industry 
Moscow State Univ. 

Moscow Inst. Chem. Tech. 

Moscow Regional Pedagogical Inst. 

Ministry of Industrial Construction 

Scientific Research Inst. of Sound Recording 
Sci. Inst. of Modern Motion Picture Photography 
United Sci.-Tech. Press 

Division of Technical Information 

Div. Tech. Sci. 

Construction Press 

Association of Power Engineers 

Central Research Inst. for Boilers and Turbines 
Central Scientific Research Elec. Engr. Lab. 


Central Scientific Research Elec. Engr. Lab.-Ministry of Electric Power Plants 


Central Office of Economic Information 

Ural Branch 

All-Union Inst. of Rural Elec. Power Stations 

All-Union Scientific Research Inst. of Meteorology 
All-Union Scientific Research Inst. of Railroad Engineering 
All-Union Thermotech. Inst. 

All-Union Power Correspondence Inst. 
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